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® The invention provides an improved simplified 
waveguide-optical fiber connection structure for con- 
necting a waveguide and an optical fiber. The 
waveguide-optical fiber connection structure com- 
prises an optical fiber (13), a waveguide substrate 
(11) having a waveguide (12) integrally formed there- 
on and having a first guide groove (14) formed 
thereon adjacent an end portion (I2a) of the 
waveguide (12) for positioning the optical fiber (13) 
therein, and a fiber substrate (15) provided in an 
opposing relationship to the first guide groove (14) 
for cooperating with the first guide groove (14) to 
hold the optical fiber (13) thereon. The waveguide- 
optical fiber connection structure can be applied to a 



waveguide circuit which is employed for optical com- 
munication, optical information management and so 
forth. 

FIG. I 
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BACKGROUND OF THE INVENTION 

1 ) Field of the Invention 

This invention relates generally to a waveguide 
circuit for use for optical conrimunication. optical 
infornnation management and so forth, and more 
particularly to a structure for and a method of 
connecting a waveguide and an optical fiber 
formed on a waveguide substrate to each other, a 
waveguide substrate for use for such connection 
and a method of producing the waveguide sub- 
strate as well as an optical fiber with a fiber sub- 
strate for use for such connection. 

2) Description of the Related Art 

In recent years, introduction of optical sub- 
scriber systems has been and is being promoted, 
and it is a subject to be solved to minimize and 
reduce the costs of optical components of optical 
subscriber systems. Optical parts employing a 
waveguide are suitable for mass production by 
batch processing and for minimization and high 
integration and are considered promising. However, 
several technical subjects to be solved still remain. 

Above all. the technique of connecting a 
waveguide formed on a waveguide chip (waveguide 
substrate) to an optical fiber is essential for reduc- 
tion in cost, and connection means which are sta- 
ble in property and suitable for mass production 
and can be supplied at a low cost have been 
developed actively in recent years. 

For example, such means as shown In FIGS. 
71(a) and 71(b) or 72(a) and 72(b) is popularly 
employed as such connection means. 

According to the means shown In FIGS. 71(a) 
and 71(b). in order to connect a waveguide 2 
formed on a waveguide chip (waveguide substrate) 
1 and an optical fiber 3 to each other, an end face 
2a of the waveguide 2 is first formed into a mirror 
face by a suitable technique such as polishing and 
then an alignment operation to adjust the position 
(X-axis direction, Y-axis direction and Z-axis (optic 
axis) direction) and the angle (0. <p) of the optical 
fiber 3 with respect to the waveguide 2 as seen In 
FIG. 71(a) is performed to establish a particular 
positional parallel relationship of the optical fiber 3 
to the waveguide 2, and then the waveguide 2 
(waveguide chip 1) and the optical fiber 3 are 
coupled directly to each other as shown in FIG. 71- 
(b) by adhesion, fusion connection or some other 
suitable connection technique. 

On the other hand, according to the means 
shown in FIGS. 72(a) and 72(b), a (ens 4 is inter- 
posed between a waveguide 2 and an optical fiber 
3 as shown in FIG. 72(a), and after the position and 
the angle of the optical fiber 3 with respect to the 



waveguide 2 are adjusted similarly as in the means 
shown in FIGS. 71(a) and 71(b). the waveguide 2 
(waveguide chip 1), the lens 4 and the optical fiber 
3 are connected and secured to each other as 

5 shown in FIG. 72(b) by welding or some other 
suitable technique. Consequently, tight is commu- 
nicated between the waveguide 2 and the optical 
fiber 3 by way of the lens 4. 

However, both of the connection means de- 

10 scribed above with reference to FIGS. 71(a), 71(b) 
and 72(a), 72(b) require adjustment in position at 
least between the optical fiber 3 and the waveguide 
2 (in the means shown in FIGS. 72(a) and 72(b), 
also the position of the lens 4 must be adjusted). 

75 and such adjustment requires a somewhat high 
skill and much time. Accordingly, reduction in cost 
by mass production Is difficult with any of the 
connection means. 

Different connection means between a 

20 waveguide and an optical fiber are proposed, for 
example, in Japanese Patent Laid-Open Application 
No. Showa 64-4710, Japanese Patent Laid-Open 
Application No. Heisei 2-125209 and Japanese Pat- 
ent Laid-open Application No. Heisei 5-257019. 

25 According to the waveguide-optical fiber con- 

nection method disclosed in Japanese Patent Laid- 
Open Application No. Showa 64-4710, a waveguide 
circuit including a ridge type waveguide and sev- 
eral stopper portions is formed on a circuit board. 

30 Meanwhile, a connection jig is prepared which is so 
constructed that a bottom face thereof closely con- 
tacts with a concave surface of the waveguide 
circuit and an outer wall thereof closely contacts 
with a side wall of at least one of the stopper 

35 portions of the waveguide circuit and which has a 
guide groove formed thereon so as to make the 
center of the core of the ridge type waveguide and 
the center of the core of an optical fiber coincide 
with each other. The connection jig is fixed to the 

40 waveguide circuit with the outer wall thereof closely 
contacted with the side wall of the stopper portion, 
and an optical fiber is inserted into the guide 
groove of the thus fixed connection jig. whereafter 
the optical fiber thus inserted is fixed to the con- 

45 nection jig to connect the waveguide and the op- 
tical fiber to each other. 

With the waveguide-optical fiber connection 
method, however, a stopper portion of a com- 
plicated configuration must be formed on a sub- 
so strate, and this makes a factor which makes an 
obstacle to reduction in cost by mass production. 
Further, since an optical fiber is not particularly 
supported, when it is inserted Into the guide groove 
of the connection jig to fix the optical fiber, on the 

55 side thereof remote from the connection jig, the 
optical fiber and the waveguide cannot be fixed 
with the core of the waveguide and the core of the 
optical fiber aligned accurately with each other. 
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Meanwhile, according to the waveguide-optical 
fiber coupling structure disclosed in Japanese Pat- 
ent Laid-open Application No. Heisei 2-125209. a 
waveguide base member has guide grooves 
formed in a parallel, predetermined spaced rela- 
tionship from each other therein and has a 
waveguide formed thereon. The waveguide has an 
entrance/exit for an optical signal at an end face of 
the waveguide base member. An optical fiber hold- 
ing connector member has a guide pin for engag- 
ing with the guide groove, and holds an optical 
fiber positioned such that, when the guide pin is 
engaged with the guide groove, the optical fiber is 
optically coupled to the entrance/exit of the 
waveguide. 

With the waveguide-optical fiber coupling struc- 
ture, however in addition to the guide groove for 
fixing an optical fiber, another guide groove is 
formed in the waveguide base in order to position 
an optical fiber with respect to the waveguide, and 
a guide pin for engaging with the additional guide 
groove must be provided on the optical fiber hold- 
ing connector member, which makes the 
waveguide-optical fiber coupling structure compli- 
cated. 

Further, according to the waveguide apparatus 
and a process of producing the waveguide appara- 
tus disclosed in Japanese Patent Laid-Open Ap- 
plication No. Heisei 5-257019, a waveguide portion 
formed on a Si substrate is exposed to an end face 
of the waveguide apparatus, and a pair of V-shaped 
grooves each having a V-shaped cross section are 
formed on the waveguide apparatus. Another pair 
of V-shaped grooves are formed on a connector, 
and a pair of guide pins are threaded from the V- 
shaped grooves of the waveguide apparatus to the 
V-shaped grooves of the connector so that the 
waveguide apparatus and the connector are me- 
chanically pressed against each other by way of 
the guide pins to couple the end face of the 
waveguide of the waveguide apparatus and the end 
face of an optical fiber of the connector to each 
other while aligning the optic axes of the 
waveguide apparatus and the connector with each 
other. 

Also with the waveguide apparatus and the 
producing process for the waveguide apparatus, 
however, in order to position the optical fiber with 
respect to the waveguide, additional V-shaped 
grooves must be formed on both of the waveguide 
apparatus and the connector and guide pins for 
engaging with the V-shaped grooves must be pro- 
vided, which makes the waveguide apparatus com- 
plicated. 

Further, with the connection means disclosed 
in Japanese Patent Laid-Open Application No. 
Heisei 2-125209 and Japanese Patent Laid-Open 
Application No. Heisei 5-257019 mentioned above. 



the production accuracy of the guide pins and the 
positioning accuracy between the guide pins and 
the optical fiber must be high, and it is very difficult 
to produce the connection portions. Further, as the 

5 number of elements increases, the number of steps 
required for assembly increases, and this makes a 
factor which makes an obstacle to the mass pro- 
duction and the reduction in cost. 

Further, in the techniques described above, in 

10 order to position the optical fiber in the direction of 
its optic axis (Z-axis direction in FIGS. 71(a), 71(b) 
and 72(a), 72(b)), the optical fiber is moved in a 
direction of its optic axis until an end face of the 
optical fiber is abutted with an end face of the 

IS waveguide. With the positioning method, however, 
depending upon the magnitude of the force acting 
upon the optical fiber to move the npfiral fiber in 
the direction of its optic axis, the end face of the 
optical fiber or the waveguide may be damaged or, 

20 as the action of the force continues, the optical 
fiber may be curved to increase the loss of an 
optical signal transmitted along the optical fiber. 
Further, if the optical fiber cannot be moved to an 
optimum position with respect to the waveguide, 

25 then this also makes a factor of increasing the loss 
of such optical signal. 

SUfy/IMARY OF THE INVENTION 

30 It is an object of the present invention to pro- 

vide a waveguide-optical fiber connection structure 
and method by which connection and fixation be- 
tween a waveguide and an optical fiber can be 
performed readily with a simple structure to allow 

35 mass production and reduction in production cost 
of waveguide circuits and a waveguide substrate 
for use for such connection and a producing meth- 
od for the waveguide substrate as well as an op- 
tical fitter with a fiber substrate for use for the 

40 connection. 

It is another object of the present invention to 
provide a waveguide-optical fiber connection struc- 
ture and method by which connection and fixation 
between a waveguide and an optical fiber can be 

45 performed with a high degree of accuracy so that 
an optical signal can be transmitted with a low loss 
between them and a waveguide substrate for use 
for such connection and a producing method for 
the waveguide substrate as well as an optical fiber 

50 with a fiber substrate for use with the connection. 

In order to attain the objects described above, 
according to an aspect of the present invention, 
there is provided a waveguide-optical fitter connec- 
tion structure, which comprises an optical fiber, a 

55 waveguide substrate having a waveguide integrally 
formed thereon, the waveguide substrate having a 
first guide groove formed thereon adjacent an end 
portion of the waveguide for positioning the optical 
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fiber therein, and a fiber substrate provided in an 
opposing relationship to the first guide groove for 
cooperating with the first guide groove to hold the 
optical fiber thereon. 

With the waveguide-optical fiber connection 
structure, the waveguide is integrally formed on the 
waveguide substrate, and the first guide groove for 
positioning the optical fiber is formed on an exten- 
sion line of an optic axis of the waveguide on the 
waveguide substrate and the first guide groove and 
the fiber substrate cooperate to hold the optical 
fiber. Consequently, the position of the optical fiber 
with respect to the waveguide can be determined 
without any adjustment, and the end portion of the 
waveguide and an end portion of the optical fiber 
can be connected to each other readily with a high 
degree of accuracy and with a high degree of 
reliability with a simple structure such that an op- 
tical signal can be communicated at a low loss 
between them. Accordingly, there is an advantage 
in that mass production and reduction in cost of 
waveguide circuits can be realized. 

According to another aspect of the present 
invention, there is provided a waveguide-optical 
fiber connection structure, which comprises an op- 
tical fiber, a waveguide substrate having a 
waveguide integrally formed thereon, the 
waveguide substrate having a first guide groove 
formed thereon adjacent an end portion of the 
waveguide for positioning the optical fiber therein, 
and a fib>er substrate for holding the optical fiber 
thereon, a face portion of the waveguide substrate 
and an opposing face portion of the fiber substrate 
being fixed to each other in a condition wherein the 
optical fiber fixed to the fiber substrate is held in 
close contact with the first guide groove on the 
waveguide substrate. 

According to a further aspect of the present 
invention, there is provided a waveguide-optical 
fiber connection structure, which comprises an op- 
tical fiber, a waveguide substrate having a 
waveguide integrally formed thereon, the 
waveguide substrate having a first guide groove 
formed thereon adjacent an end portion of the 
waveguide for positioning the optical fiber therein, 
and a fiber substrate having an optical fiber fixing 
second guide groove formed thereon and coated 
with a metal film, the fiber substrate having a 
solder supply groove formed thereon and commu- 
nicating with the second guide groove for flowing 
therethrough solder to be used for metal fixation of 
the fiber substrate to the optical fiber, the optical 
fiber having a metal coating applied to an area of 
an outer periphery of a clad thereof necessary for 
metal fixation to the second guide groove, the 
optical fiber being fixed to the fiber substrate by 
metal fixation which is achieved by flowing solder 
in through the solder supply groove while the op- 



tical fiber is mounted in the second guide groove, 
each of a face portion of the fiber substrate and a 
face portion of the waveguide substrate which are 
opposed to each other when the optical fiber fixed 

5 to the fiber substrate by metal fixation is closely 
contacted with the first guide groove of the 
waveguide substrate having a metal film formed 
thereon, the waveguide and the optical fiber being 
connected to each other by metal fixation between 

10 the metai films on the face portion of the 
waveguide substrate and the face portion of the 
fiber substrate opposing to the face portion of the 
waveguide substrate while the optica! fiber fixed to 
the fiber substrate is held in close contact with the 

IS first guide groove on the waveguide substrate. 

According to a still further aspect of the 
present invention, there Is provided a waveguide- 
optical fiber connection method for connecting an 
end portion of an optical fiber to an end portion of 

20 a waveguide, which comprises the steps of prepar- 
ing a waveguide substrate having a waveguide 
integrally formed thereon and having a first guide 
groove formed thereon adjacent an end portion of 
the waveguide for positioning the optical fiber 

25 therein and a fiber substrate for holding the optical 
fiber thereon, and fixing a face portion of the 
waveguide substrate and an opposing face portion 
of the fiber substrate to each other In a condition 
wherein the optical fiber fixed to the fiber substrate 

30 is held in close contact with the first guide groove 
on the waveguide substrate. 

With the waveguide-optical fiber connection 
structures and method described above, the posi- 
tion of the optical fiber with respect to the 

35 waveguide can be determined without any adjust- 
ment, and the end portion of the waveguide and 
the end portion of the optical fiber can be con- 
nected to each other readily with a high degree of 
accuracy and with a high degree of reliability with a 

40 simple structure such that an optical signal can be 
communicated at a low loss between them. Con- 
sequently, there is an advantage in that mass pro- 
duction and reduction in cost of waveguide circuits 
can be realized. 

45 According to a yet further aspect of the present 
invention, there is provided a waveguide substrate 
for use for waveguide-optical fiber connection, 
which comprises a substrate having a waveguide 
integrally formed thereon and having a first guide 

50 groove formed adjacent an end portion of the 
waveguide thereon for positioning an optical fiber, 
the waveguide and the first guide groove being 
formed using a single mask member having pat- 
terns for formation of a waveguide and a guide 

55 groove. 

Where the waveguide substrate is employed, 
the waveguide and the optical fiber can be con- 
nected and fixed to each other readily with a high 
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degree of accuracy and with a high degree of 
reliability with a simple structure such that an op- 
tical signal can be communicated at a low loss 
between them, and mass production and reduction 
in cost of waveguide circuits can be realized. 

According to a yet further aspect of the present 
invention, there is provided a method of producing 
a waveguide substrate for use for waveguide-op- 
tical fiber connection, which comprises the steps of 
forming a low refraction index layer and a high 
refraction Index layer on a silicon substrate, par- 
tially removing the high refraction index layer using 
a single mask member having patterns for forma- 
tion of a waveguide and a guide way to form 
etching areas for a waveguide and a guide groove, 
and forming an upper low refraction index layer 
while the mask member on the opposite sides of 
the etching area for a guide groove is left as a fiber 
positioning etching mask, forming a guide groove 
and finally removing the etching mask. 

With the method of producing a waveguide 
substrate, a waveguide substrate can be produced 
very readily. 

According to a yet further aspect of the present 
invention, there is provided an optical fiber with a 
fiber substrate for use for waveguide-optical fiber 
connection, which comprises an optical fitter hav- 
ing, at an end portion thereof, a metal coating 
provided on an outer periphery of a clad thereof, 
and a fiber substrate having a second guide groove 
for fixation of an optical fiber formed thereon and 
coated with a metal film, the end portion of the 
optical fiber being fixed by metal fixation to the 
second guide groove of the fiber substrate. 

Where the optical fiber with a fiber substrate is 
employed, the waveguide and the optical fiber can 
be connected and fixed to each other readily with a 
high degree of accuracy and with a high degree of 
reliability with a simple stnjcture such that an op- 
tical signal can be communicated at a low loss 
between them, and mass production and reduction 
In cost of waveguide circuits can be realized. 

According to a yet further aspect of the present 
invention, there Is provided a waveguide-optical 
fiber connection structure, which comprises an op- 
tical fiber, a waveguide substrate having a 
waveguide integrally formed thereon, the 
waveguide substrate having a first guide groove 
formed thereon adjacent an end portion of the 
waveguide for positioning the optical fiber therein, 
and a fiber substrate having a second guide groove 
formed therein for positioning the optical fiber, the 
fiber substrate being fixed to the waveguide sub- 
strate with the second guide groove thereof op- 
posed to the first guide groove, the waveguide and 
the optical fiber being connected to each other by 
inserting and fixing the optical fiber between the 
waveguide substrate and the fiber substrate along 



the first guide groove and the second guide 
groove. 

According to a yet further aspect of the present 
invention, there is provided a waveguide-optical 

5 fiber connection method for connecting an end 
portion of an optical fiber to an end portion of a 
waveguide, which comprises the steps of preparing 
a waveguide substrate having a waveguide integ- 
rally formed thereon and having a first guide 

10 groove formed thereon adjacent an end portion of 
the waveguide for positioning the optical fiber 
therein and a fiber substrate having a second guide 
groove formed therein for positioning the optical 
fiber, fixing the fiber substrate to the waveguide 

15 substrate with the second guide groove thereof 
opposed to the first guide groove, and inserting 
and fixing the optical fiber between the waveguide 
substrate and the fiber substrate along the first 
guide groove and the second guide groove. 

20 With the waveguide-optical fiber connection 

structure and method, the position of the optical 
fiber with respect to the waveguide can be deter- 
mined without any adjustment, and the end portion 
of the waveguide and the end portion of the optical 

25 fiber can be connected to each other readily with a 
high degree of accuracy and with a high degree of 
reliability with a simple structure such that an op- 
tical signal can be communicated at a low loss 
between them. Consequently, there is an advan- 

30 tage in that mass production and reduction In cost 
of waveguide circuits can be realized. 

Further objects, features and advantages of the 
present invention will become apparent from the 
following detailed description when read In con- 

35 junction with the accompanying drawings in which 
like parts or elements are denoted by like refer- 
ence characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

FIGS. 1, 2. 3 and 4 are schematic side 
elevational views, an exploded perspective view 
and a front elevational view illustrating different 
aspects of the present invention; 

45 FIG. 5 is an exploded perspective view of a 
waveguide-optical fiber connection structure, a 
waveguide circuit substrate and an optical fiber 
with a fiber substrate showing a first preferred 
embodiment of the present invention: 

50 FIG. 6 is a cross sectional view showing a guide 
groove having a U-shaped cross section which 
may be employed in the first embodiment: 
FIG. 7 is a cross sectional view showing another 
guide groove having a V-shaped cross section 

55 employed in the first embodiment; 

FIG. 8 is a schematic side elevational view illus- 
trating a step of a process production of the 
waveguide substrate in the first embodiment; 
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FIG. 9 is a plan view showing a mask pattern 
(mask member) and illustrating another step of 
the process of producing the waveguide sub- 
strate In the first embodiment: 
FIGS. 10 to 13 are cross sectional views taken s 
along line X-X in FIG. 9 but illustrating different 
steps of the process of producing the waveguide 
substrate in the first embodiment; 
FIG. 14 is a plan view showing the arrangement 
of the mask and illustrating a different step of io 
the process of producing the waveguide sub- 
strate in the first embodiment; 
FIGS. 15 to 18 are perspective views Illustrating 
further different steps of the process of produc- 
ing the waveguide substrate in the first embodi- is 
ment; 

FIGS. 19(a) to 19(i) are schematic cross sec- 
tional views illustrating different steps of a pro- 
cess of producing a fiber block in the first em- 
bodiment; 20 
FIG. 20 is a plan view showing the shape of a 
mask used upon production of the fiber block in 
the first embodiment; 

FIGS. 21 and 22 are a plan view and a perspec- 
tive view, respectively, showing the fiber block 25 
and a metal coating for the fiber block in the 
first embodiment: 

FIG. 23 is a perspective view illustrating a modi- 
fication to the process of production of the fiber 
block in the first embodiment; 30 
FIG. 24 is a schematic side elevational view 
showing an end portion of the optical fiber in the 
first embodiment; 

FIG. 25 is a cross sectional view of the end 
portion of the optical fiber in the first embodi- 35 
ment; 

FIG. 26 is a cross sectional view showing an- 
other optical fiber having a metal coating pro- 
vided on the entire outer periphery of a clad 
thereof: 40 
FIG. 27 is a cross sectional view showing a 
further optical fiber having another metal coating 
provided on the outer periphery of a clad there- 
of; 

FIG. 28 is a fragmentary perspective view illus- 45 
trating a procedure of fixing an optical fiber and 
the fiber block in the first emtKXiiment; 
FIG. 29 is an exploded cross sectional view 
illustrating the procedure of fixing the optical 
fiber and the fiber block in the first embodiment: so 
FIG. 30 is a cross sectional view showing the 
optical fiber and the fiber block in the first em- 
bodiment in the mutually fixed condition; 
FIGS. 31 and 32 are an exploded side 
elevational view and a front elevational sectional 55 
view, respectively, illustrating a fixing procedure 
between the fiber block and the waveguide sub- 
strate in the first emtiodiment; 



FIG. 33 Is a front elevational view showing be- 
tween the fiber block and the waveguide sub- 
strate in the first embodiment In a mutually fixed 
condition: 

FIG. 34 Is an exploded perspective view of 
another waveguide-optical fiber connection 
structure showing a second preferred embodi- 
ment of the present invention; 
FIG. 35 is a schematic exploded side elevational 
view of the structure In the second embodiment; 
FIGS. 36 to 42 are schematic perspective views 
illustrating different steps of a process of pro- 
ducing a waveguide substrate In the second 
embodiment: 

FIG. 43 Is an exploded perspective view show- 
ing the waveguide substrate and a fiber block In 
the second embodiment: 
FIG. 44 is a perspective view showing a modi- 
fication to the fiber block in the second embodi- 
ment; 

FIG. 45 is an exploded side elevational view 

showing a waveguide-optical fiber connection 

structure in which the modified fiber block 

shown in FIG, 44 Is employed: 

FIGS. 46 to 51 are perspective views illustrating 

different steps of a process of producing the 

modified fiber block shown in FIG. 44; 

FIG. 52 is a perspective view showing a first 

modification to the waveguide substrate shown 

in the second embodiment: 

FIG. 53 Is a side elevational sectional view 

showing the arrangement of an optical fiber on 

the modified waveguide substrate shown In FIG. 

52: 

FIG. 54 is a perspective view showing a second 
modification to the waveguide substrate in the 
second embodiment; 

FIG. 55 is a partial enlarged view of a portion of 
the modified waveguide substrate of FIG. 54 as 
viewed in the direction Indicated by an arrow 
mark A; 

FIG. 56 Is a a partial enlarged view of another 
portion of the modified waveguide substrate of 
FIG. 54 as viewed In the direction indicated by 
another arrow mark B; 

FIG. 57 is a side elevational sectional view 
showing the arrangement of an optical fiber on 
the modified waveguide substrate shown in FIG. 
54; 

FIG. 58 is a perspective view of a further 
waveguide-optical fiber connection structure 
showing a third preferred embodiment of the 
present invention; 

FIG. 59 is a plan view showing a silicon wafer 
used for production of a waveguide substrate In 
the third embodiment: 

FIG. 60 is a plan view showing the waveguide 
substrate In the third embodiment: 
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FIG. 61 is a side elevational view showing the 
waveguide substrate in the third embodiment; 
FIG. 62 is a plan view showing an optical fiber in 
the third embodiment; 

FIG. 63 is a side elevational view showing the 
optical fiber in the third embodiment; 
FIGS. 64 to 68 are side elevational views illus- 
trating different steps of a procedure of connec- 
tion between the waveguide and the optical fiber 
in the third embodiment; 

FIG. 69 is a perspective view illustrating a fur- 
ther different step of the procedure of connec- 
tion between the waveguide and the optical fiber 
in the third embodiment; 

FIG. 70 is a side elevational view illustrating a 
modification to the waveguide-optical fiber con- 
nection procedure for the waveguide-optical fi- 
ber connection structure in the third embodi- 
ment; 

FIGS. 71(a) and 71(b) are perspective views 
showing a popular waveguide-optical fiber con- 
nection structure; and 

FIGS. 72(a) and 72(b) are perspective views 
showing another popular waveguide-optical fiber 
connection structure. 

DESCRIPTION OF THE PREFERRED EMBOPI- 
f^ENTS 

a. Aspects of the Invention 

FIG. 1 shows a side elevational view of a 
waveguide-optical fiber connection structure and 
illustrates an aspect of the present invention. Refer- 
ring to FIG. 1 , the waveguide-optical fiber connec- 
tion structure shown includes a waveguide sub- 
strate 11 which in turn includes a substrate portion 
11A serving as a substrate body and a waveguide 
formation layer 11B on which a waveguide (core 
portion) 12 is formed. The substrate portion 11A 
has a first guide groove 14 formed thereon adja- 
cent an end portion (end face) 12a of the 
waveguide 12 for positioning an optical fiber 13 on 
an extension line of an optic axis of the waveguide 
12. The waveguide-optical fiber connection struc- 
ture further includes a fiber substrate 15 provided 
in an opposing relationship to the first guide groove 
14 for cooperating with the first guide groove 14 to 
hold the optical fiber 13 thereon. 

The waveguide-optical fiber connection struc- 
ture is advantageous in that the position of the 
optical fiber 13 with respect to the waveguide 12 
can be determined without any adjustment and the 
end portion 12a of the waveguide 12 and an end 
portion 13a of the optical fiber 13 can be con- 
nected to each other readily with a high degree of 
accuracy and with a high degree of reliability such 
that an optical signal can be communicated at a 



low loss between them, and consequently, mass 
production and reduction in cost of waveguide cir- 
cuits can be realized. 

FIG. 2 shows a side elevational view of another 

5 waveguide-Optical fiber connection structure and 
illustrates another aspect of the present invention. 
Referring to FIG. 2, the waveguide-optical fiber 
connection structure shown includes an optical fi- 
ber 13. a waveguide substrate 11 and a fiber 

10 substrate 15 which are similar to those described 
above with reference to FIG. 1. A face portion 11 a 
of the waveguide substrate 11 and an opposing 
face portion 15a of the fiber substrate 15 are fixed 
to each other in a condition wherein the optical 

75 fiber 13 fixed to the fiber substrate 15 is held in 
close contact with the first guide groove 14 on the 
waveguide substrate 1 1 . 

FIG. 3 shows a side elevational view of a 
further waveguide-optical fiber connection structure 

20 and illustrates a further aspect of the present inven- 
tion. Referring to FIG. 3, the waveguide-optical 
fiber connection structure shown includes, in addi- 
tion to an optical fiber 13 and a waveguide sub- 
strate 11 similar to those described above with 

25 reference to FIG. 1, a fiber substrate 15 having an 
optical fiber fixing second guide groove 16 formed 
thereon and coated with a metal film and a solder 
supply groove formed thereon and communicating 
with the second guide groove 16 for flowing in 

30 therethrough solder to be used for metal fixation of 
the fiber substrate 15 to the optical fiber 13. The 
optical fiber 13 has a metal coating applied only to 
an area of an outer periphery of the clad thereof 
necessary for metal fixation to the second guide 

35 groove 16, and the optical fiber 13 is fixed to the 
fiber substrate 15 by metal fixation which is 
achieved by flowing solder in through the solder 
supply groove while the optical fiber 13 is mounted 
in the second guide groove 16; 

40 Each of a face portion 15a of the fiber sub- 

strate 15 and a face portion 11a of the waveguide 
substrate 11 which are opposed to each other 
when the optical fiber 13 fixed to the fiber substrate 
15 by metal fixation is closely contacted with the 

-^5 first guide groove 14 of the waveguide substrate 1 1 
has a metal film formed thereon, and an end por- 
tion (end face) 12a of the waveguide 12 and an end 
portion (end face) 13a of the optical fiber 13 are 
connected to each other by metal fixation between 

50 the metal films on the face portion 11a of the 
waveguide substrate 11 and the opposing face 
portion 15a of the fiber substrate 15 while the 
optical fiber 13 fixed to the fiber substrate 15 is 
held in close contact with the first guide groove 1 4 

55 on the waveguide substrate 1 1 . 

Here, a method of connecting the waveguide 
12 and the optical fiber 13 to each other according 
to the present invention is described with reference 



13 



EP 0 682 276 A1 



14 



to FIG. 3. According to the waveguide-optical fiber 
connection method of the present invention, a 
waveguide substrate 11 having a waveguide 12 and 
a first guide groove 14 formed thereon is prepared 
and also a fiber substrate 15 for holding the optical 
fiber 13 thereon is prepared. Then, a face portion 
11a of the waveguide substrate 11 and an oppos- 
ing face portion 15a of the fiber substrate 15 are 
fixed to each other in a condition wherein the 
optical fiber 13 fixed to the fiber substrate 15 is 
held in close contact with the first guide groove 1 4 
on the waveguide substrate 1 1 . thereby to connect 
an end portion {end face) 13a of the optical fiber 13 
to an end portion {end face) I2a of the waveguide 
12. 

Also the waveguide-optical fiber connection 
structures and method described at^pve with refer- 
ence to FIGS. 2 and 3 are advantageous in that the 
position of the optical fiber 13 with respect to the 
waveguide 12 can be determined without any ad- 
justment and the end portion 12a of the waveguide 

12 and the end portion 13a of the optical fiber 13 
can be connected to each other readily with a high 
degree of accuracy and with a high degree of 
reliability such that an optical signal can be com- 
municated at a low loss between them, and con- 
sequently, mass production and reduction in cost 
of waveguide circuits can be realized. 

Here, the optical fiber 13 having a meta! coat- 
ing applied to an outer periphery of the clad there- 
of in advance may be fixed by metal fixation to the 
second guide groove 16 of the fiber substrate 15 at 
which the fiber substrate 15 is coated with a metal 
film to hold the optical fiber 13 on the fiber sub- 
strate 15, and in this condition, the waveguide 12 
and the optical fiber 13 may be connected to each . 
other using the fiber substrate 15 with the optical 
fiber 13. in this Instance, the optical fiber 13 can be 
fixed by metal fixation to the second guide groove 
16 of the fiber substrate 15 using soldering or the 
like. Using the thus fixed fiber substrate 15 with the 
optical fiber 13 (optical fiber with a fiber substrate), 
the waveguide 12 and the optical fiber 13 can be 
connected and fixed to each other readily with a 
high degree of accuracy and with a high degree of 
reliability with a simple structure such that an op- 
tical signal can be communicated at a low loss 
between them. Thus, there is an advantage in that 
mass production and reduction in cost of 
waveguide circuits can be realized. 

The waveguide 12 and the optical fiber 13 may 
be connected to each other using the fiber sub- 
strate 15 on which the optical fiber 13 is held by 
fixing, by metal fixation, to the second guide 
groove 16 of the fiber substrate 15 the optical fiber 

13 having a metal coating applied only to an area 
of an outer periphery of the clad thereof necessary 
for metal fixation to the second guide groove 16 



while the optical fiber 13 is mounted in the second 
guide groove 16. In this instance, since the metal 
coating is not applied to the area in which the outer 
periphery of the clad of the optical fiber 13 closely 

5 contacts with the first guide groove 14 of the 
waveguide substrate 11, useless metal coating 
need not be performed, and also precision film 
thickness control over the overall outer periphery of 
the clad of the optical fiber 1 3 is unnecessary. 

10 Further, the optical fiber 13 may be mounted 

into the second guide groove 16 of the fiber sub- 
strate 15 on which a solder supply groove for 
flowing in therethrough solder to be used for metal 
fixation to the optical fiber 13 is formed in a com- 

75 municating relationship with the second guide 
groove 16, and solder may be flowed in through 
the solder supply groove to fix the optical fiber 13 
to the fiber substrate 15 by metal fixation, and then 
the waveguide 12 and the optical fiber 13 may be 

20 connected to each other using the fiber substrate 
15 to which the optical fiber 13 is fixed. In this 
instance, there is an advantage in that the optical 
fiber 13 can be fixed very readily to the fiber 
substrate 15 by metal fixation. 

25 Alternatively, each of the face portion 15a of 

the fiber substrate 1 5 and the face portion 1 1 a of 
the waveguide substrate 11 which are opposed to 
each other when the optical fiber 13 fixed to the 
fiber substrate 15 by metal fixation is closely con- 

30 tacted with the first guide groove 14 of the 
waveguide substrate 11 may have a metal film 
formed thereon, and the metal films may be fixed 
to each other by metal fixation to connect the 
waveguide 12 and the optical fiber 13 to each 

35 Other. Preferably, a solder material used for the 
metal fixation between the fiber substrate 15 and 
the waveguide substrate 1 1 has a melting point set 
lower than the melting point of another solder ma- 
terial used for the metal fixation between the fiber 

40 substrate 15 and the optical fiber 13. 

Where the metal films are provided on the face 
portion 1 5a of the fiber substrate 1 5 and the oppos- 
ing face portion 1 1 a of the waveguide substrate 1 1 . 
the waveguide 12 and the optical fiber 13 can be 

45 connected to each other by fixing the metal films to 
each other by metal fixation by soldering, and 
consequently, the fiber substrate 15 and the 
waveguide substrate 11 can be connected and 
fixed to each other readily with certainty. 

50 Further, where the solder material used for the 

metal fixation between the fiber substrate 15 and 
the waveguide substrate 1 1 has a melting point set 
lower than the melting point of the solder material 
used for the metal fixation between the fiber sub- 

55 strata 15 and the optical fiber 13, such a situation 
that the solder material between the fiber substrate 
15 and the optical fiber 13 fixed by metal fixation to 
each other precedently is melted by heat for melt- 
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ing the solder material used for later metal fixation 
between the fiber substrate 15 and the waveguide 
substrate 11 so that the metal fixation condition 
between the fiber substrate 15 and the optical fiber 
13 is degraded can be prevented. Consequently, 
the end portion I2a of the waveguide 12 and the 
end portion 13a of the optical fiber 13 can be 
connected to each other with a very high degree of 
reliability. 

Further, the waveguide 12 and the optica! fiber 

13 may be connected to each other using the 
waveguide substrate 11 wherein the quartz (SiOz) 
waveguide 12 and the first guide groove 14 of a V- 
shaped cross section are formed on a silicon sub- 
strate (substrate portion 11 A) and the fiber sub- 
strate 15 wherein the second guide groove 16 of a 
V-shaped cross section is formed on the silicon 
substrate and the optical fiber 13 is held in the 
second guide groove 16. In this instance, the 
waveguide 12 and the optical fiber 13 can be 
connected and fixed to each other readily with a 
high degree of accuracy and with a high degree of 
reliability such that an optical signal can be com- 
municated at a low cost between them, and con- 
sequently, mass production and reduction in cost 
of waveguide circuits can be realized. Also there is 
another advantage in that the first guide groove 14 
and the second guide groove 16 both having a V- 
shaped cross section can be formed very readily 
by performing anisotropic etching which depends 
upon a certain crystal orientation of the silicon 
substrate (single crystal). 

Or. the fiber substrate 15 which is first con- 
structed as a portion of the waveguide substrate 1 1 
on which the second guide groove 16 for fixation of 
an optical fiber is formed as an extension of the 
first guide groove 14 simultaneously upon produc- 
tion of the waveguide substrate 1 1 and is thereafter 
formed as a separate member from the waveguide 
substrate 11 by being cut from the waveguide 
substrate 11 and on which the optical fiber 13 is 
held may be prepared, and the waveguide 12 and 
the optical fiber 13 may be connected to each 
other using the fiber substrate 15 on which the 
optical fiber 13 is held. In this instance, simulta- 
neously upon production of the waveguide sub- 
strate 11, the fiber substrate 15 having the second 
guide groove 16 for fixation of an optical fiber can 
be produced readily and efficiently. 

For the connection between the waveguide 12 
and the optical fiber 13, the waveguide substrate 
11 is employed which comprises the substrate 
portion 11A having the waveguide 12 integrally 
formed thereon and having the first guide groove 

14 formed adjacent the end portion I2a of the 
waveguide 12 thereon for positioning the optical 
fiber 13, the waveguide 12 and the first guide 
groove 1 4 being formed using a single mask mem- 



ber having patterns for formation of a waveguide 
and a guide groove. Where the waveguide sub- 
strate 11 of the construction just described is em- 
ployed, the waveguide 12 and the optical fiber 13 
5 can be connected and fixed to each other readily 
with a high degree of accuracy and with a high 
degree of reliability such that an optical signal can 
be communicated at a low toss between them, and 
mass production and reduction in cost of 

70 waveguide circuits can be realized. 

The waveguide substrate 1 1 of the construction 
described above is produced by a method which 
comprises the steps of forming a low refraction 
index layer and a high refraction index layer on a 

15 silicon substrate {substrate portion 11 A), partially 
removing the high refraction index layer using a 
single mask member having patterns for formation 
of a waveguide and a guide pattern to form etching 
areas for the waveguide 12 and the guide groove 

20 14, and forming an upper low refraction index layer 
while the mask member on the opposite sides of 
the etching area for the guide groove 1 4 is left as a 
fiber positioning etching mask, forming a guide 
groove 14 and finally removing the etching mask. 

25 In this instance, the step of forming an upper low 
refraction index layer on . the etching mask may 
include the step of forming a thin film of a SiOa 
material t:>etween the upper low refraction index 
layer and the etching mask. 

30 The waveguide substrate 1 1 is produced very 
readily in such a manner as described above. 
Further, where a thin film of a SIO2 material Is 
formed between the low refraction index layer and 
the etching mask, an upper low refraction index 

35 layer can be formed on the etching mask by a 
flame deposition method. 

Further, for the connection between the 
waveguide 12 and the optical fiber 13, the optical 
fiber 13 with a fiber substrate Is used which com- 

40 prises an optical fiber having, at an end portion 
thereof, a metal coating provided on an outer pe- 
riphery of a clad thereof, and the fiber substrate 1 5 
having the second guide groove 16 for fixation of 
an optical fiber formed thereon and coated with a 

45 metal film, the end portion of the optical fiber being 
fixed by metal fixation to the second guide groove 
16 of the fiber substrate 15. Where the fiber sub- 
strate 15 with the optical fiber 13 (optical fiber with 
a fiber substrate) having the construction just de- 

50 scribed is employed, the waveguide 12 and the 
optical fiber 13 can be connected and fixed to each 
other readily with a high degree of accuracy and 
with a high degree of reliability such that an optical 
signal can be communicated at a low cost between 

55 them, and mass production and reduction in cost of 
waveguide circuits can be realized. 

The end portion of the optical fiber at which the 
optical fiber is coated with the metal coating only in 
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an area of the outer periphery of the clad thereof 
necessary for metal fixation of the optical fiber to 
the second guide groove 16 of the fiber substrate 
15 may be fixed by metal fixation to the second 
guide groove 16 of the fiber substrate 15 in a 
condition wherein it is mounted in the second 
guide groove 16 of the fiber substrate 15 to provide 
the fiber substrate 15 at the end portion of the 
optical fiber. Alternatively, the fiber substrate 15 
may be provided at the end portion of the optical 
fiber by fixing the end portion of the optical fiber to 
the fiber substrate 15 by metal fixation by mount- 
ing the end portion of the optical fiber in the 
second guide groove 16 of the fiber substrate 15 
on which a solder supply groove for flowing in 
therethrough solder to be used for metal fixation to 
the end portion of the optical fiber Is formed in a 
communicating relationship with the second guide 
groove 16 and flowing solder in through the solder 
supply groove. 

Where the metal coating is provided only in the 
area necessary for metal fixation as described 
above, that is, where no metal coating is applied to 
the other area in which the outer periphery of the 
clad of the optical fiber 13 closely contacts with the 
first guide groove 14 of the waveguide substrate 
11, useless metal coating can be eliminated, and 
also precision film thickness control over the entire 
outer periphery of the optical fiber is unnecessary. 
Further, where solder is flowed in through the sol- 
der supply groove as described above, the optical 
fiber 13 can be fixed to the fiber substrate 15 very 
readily. 

It is to be noted that an optic axis direction 
positioning mechanism may be provided over the 
waveguide substrate 11 and the fiber substrate 15 
for positioning the optical fiber 13 in a direction of 
its optic axis. By means of the optic axis direction 
positioning mechanism, the optical fiber 13 can be 
located at an optimum position in the direction of 
the optic axis thereof with respect to the waveguide 
12 without any adjustment. 

The optic axis direction positioning mechanism 
may include a recessed portion formed on one of 
the waveguide substrate 1 1 and the fiber substrate 
15 and a complementary projected portion formed 
on the other of the waveguide substrate 1 1 and the 
fiber substrate 15. In this instance, the position of 
the optical fiber 13 in the direction of its optic axis 
can be determined by fitting the recessed portion 
and the projected portion with each other. 

Alternatively, the optic axis direction positioning 
mechanism may include a dicing groove formed on 
the waveguide substrate 1 1 and a projected portion 
formed on the fiber substrate 15 for fitting in the 
dicing groove. In this instance, the position of the 
optical fiber 13 in the direction of its optic axis can 
be determined by fitting the projected portion on 



the fiber substrate 1 5 into the dicing groove. 

Where the optical fiber 13 is formed as a 
tapered spherically ended optical fiber, the optic 
axis direction positioning mechanism may be a 

5 grooved portion formed at an end portion of the 
first guide groove 14 adjacent the waveguide 12 
and having a width smaller than that of the first 
guide groove 14 for abutting with an end portion of 
the tapered spherically ended optical fiber. In this 

w instance, the position of the optical fiber t3 in the 
direction of its optic axis can be determined by 
abutting the end portion of the optical fiber 13 with 
the grooved portion. 

Since the optical fiber 1 3 can be located at an 

76 optimum position in the direction of its optic axis 
with respect to the waveguide 12 without any ad- 
justment by means of the optic axis direction posi- 
tioning mechanism described above, the end face 
of the optical fiber 13 or the waveguide 12 can be 

20 prevented from being damaged. Further, the 
waveguide 12 and the optical fiber 13 can be 
connected and fixed to each other readily with a 
high degree of accuracy and with a high degree of 
reliability with a simple structure such that an optic 

25 signal can be communicated at a low loss between 
them. Consequently, the optic axis direction posi- 
tioning mechanism contributes to mass production 
and reduction in cost of waveguide circuits. 

FIG. 4 shows a side elevational view of a 

30 further waveguide-optical fiber connection structure 
and illustrates a further aspect of the present inven- 
tion. Referring to FIG. 4, the waveguide-optical 
fiber connection structure shown includes, in addi- 
tion to an optical fiber 13 and a waveguide sub- 

35 strate 11 which are similar to those described 
above with reference to FIG. 1. a fiber substrate 15 
having a second guide groove 16 formed therein 
for positioning the optical fiber 13. The fiber sub- 
strate 15 is fixed to the waveguide substrate 11 

40 with the second guide groove 16 thereof opposed 
to the first guide groove 14. 

Then, an end portion (end face) 12a of the 
waveguide 1 2 and an end portion (end face) 1 3a of 
the optical fiber 13 are connected to each other by 

45 inserting and fixing the optica! fiber 13 between the 
waveguide substrate 1 1 (substrate portion 1 1 A) and 
the fiber substrate 15 along the first guide groove 
14 and the second guide groove 16. 

A method of the present invention for connect- 
so ing the waveguide 12 and the optical fiber 13 to 
each other to obtain the structure described above 
with reference to FIG. 4 will be described below 
with reference to FIG. 4. According to the 
waveguide-optical fiber connection method of the 

55 present invention, a waveguide substrate 1 1 having 
a waveguide 12 and a first guide groove 14 formed 
thereon and a fiber substrate 15 having a second 
guide groove 16 formed therein for positioning the 
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optical fiber 1 3 are prepared. 

Then, the fil>er substrate 15 is fixed to the 
waveguide substrate 1 1 (waveguide formation layer 
11B) with the second guide groove 16 thereof 
opposed to the first guide groove 14, and then, the 
optical fiber 13 is inserted and fixed between the 
waveguide substrate 11 (substrate portion 11 A) and 
the fiber substrate 15 along the first guide groove 
14 and the second guide groove 16. 

With the waveguide-optical fiber connection 
structure and method described above, the position 
of the optical fiber 13 with respect to the 
waveguide 12 can be determined without any ad- 
justment, and the end portion 12a of the waveguide 
12 and the end portion 13a of the optical fiber 13 
can be connected to each other readily with a high 
degree of accuracy and with a high degree of 
reliability such that an optical signal can be com- 
municated at a low loss between them. Conse- 
quently, there is an advantage in that mass produc- 
tion and reduction in cost of waveguide circuits can 
be realized. 

The waveguide 12 and the optical fiber 13 may 
be connected to each other using the waveguide 
substrate 11 wherein the quartz (SiOa) waveguide 
12 and the first guide groove 14 of a V-shaped 
cross section are formed on a silicon substrate 
(substrate portion 11 A) and the fiber substrate 15 
wherein the second guide groove 16 of a V-shaped 
cross section is formed on the silicon substrate. In 
this instance, the waveguide substrate 1 1 and the 
fiber substrate 15 may be fixed to each other by 
anode joining. 

Where the waveguide substrate 11 and the 
fiber substrate 15 described above are employed, 
the waveguide 12 and the optical fiber 13 can be 
connected and fixed to each other readily with a 
high degree of accuracy and with a high degree of 
reliability with a simple structure such that an op- 
tical signal can be communicated at a low loss 
between them, and consequently, mass production 
and reduction in cost of waveguide circuits can be 
realized. Also there is another advantage in that the 
first guide groove 14 and the second guide groove 
16 both having a V-shaped cross section can be 
formed very readily by performing anisotropic etch- 
ing which relies upon a certain crystal orientation of 
the silicon substrate (single crystal). 

In this instance, if each of the waveguide sub- 
strate 11 and the fiber substrate 15 is constituted 
from a silicon substrate, the waveguide substrate 
11 and the fiber substrate 15 can be joined by 
anode joining to each other. In this instance, the 
waveguide substrate 11 and the fiber substrate 15 
can be joined to each other by the force between 
atoms of silicon and by the covalent bond. Con- 
sequently, the waveguide substrate 11 and the 
fiber substrate 1 5 can be fixed to each other read- 



ily and firmly. 

A first communication path which communi- 
cates with a space between the end portion 1 2a of 
the waveguide 12 and the end portion 13a of the 

5 optical fiber 13 may be formed in the fiber sub- 
strate 15, and the optical fiber 13 may be fixed to 
the waveguide 12 by injecting a light setting resin 
into the space between the end portion 12a of the 
waveguide 12 and the end portion 13a of the 

10 optical fiber 13 by way of the first communication 
path and introducing light of a predetermined 
wavelength to the optical fiber 13 to harden the 
light setting resin. Here, second communication 
path which communicates with the second guide 

75 groove 16 may be formed in the fiber substrate 15. 
and the optical fiber 13 may be fixed to the 
waveguide 12 by means of a bonding agent in- 
jected in through the second communication path. 
In this instance, the optical fiber 13 can be fixed 

20 readily and with certainty to the waveguide 12 
using a light setting resin, and the fixation strength 
of the optical fiber 13 can be increased by means 
of a bonding agent. 

Or else, the outer periphery of the clad of the 

25 optical fiber 13 as well as the surface portion of the 
fiber substrate 15 and the opposing surface portion 
of the waveguide substrate 1 1 may individually be 
coated with metai films while a solder communica- 
tion path for flowing solder in therethrough is 

30 formed in a communicating relationship with the 
second guide groove 16 on the fiber substrate 15, 
and the optical fiber 13 may be fixed to the 
waveguide 12 by flowing solder into a space 
among the metal films by way of the solder com- 

35 munication path. Thus, the optical fiber 13 can be 
fixed between the waveguide substrate 1 1 and the 
fiber substrate 15 with certainty by metal fixation 
by soldering. 

In this instance, a communication path which 

40 communicates with a space between the end por- 
tion 12a of the waveguide 12 and the end portion 
13a of the optical fiber 13 may be formed in the 
fiber substrate 15. and the optical fiber 13 may be 
fixed to the waveguide by soldering and a light 

45 setting resin may be injected into the space be- 
tween the end portion 12a of the waveguide 12 and 
the end portion 13a of the optical fiber 13 by way 
of the communication path, whereafter light of a 
wavelength is introduced to the optical fiber 13 to 

50 harden the light setting resin. 

By introducing light of a predetermined 
wavelength to the optical fiber 13 to harden a light 
setting resin injected into the space between the 
end portion 12a of the waveguide 12 and the end 

55 portion 13a of the optical fiber 13 after fixation of 
the optical fiber 13 by soldering, the waveguide 12 
and the optical fiber 13 are connected to each 
other. Consequently, the optical fiber 13 can be 
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fixed to the waveguide 12 readily and with cer- 
tainty. 

b. First Embodiment 

Referring now to FIG. 5, there are shown a 
waveguide-optical fiber connection structure 
formed by a waveguide-optical fiber connection 
method and a waveguide substrate and an optical 
fiber with a fiber substrate used for the connection 
according to a first preferred embodiment of the 
present invention. 

The waveguide-optical fiber connection struc- 
ture shown includes a waveguide substrate 21, and 
an optical fiber 23 with a fiber block (fiber sub- 
strate) 25, The waveguide substrate 21 includes a 
SI substrate 21 A serving as a substrate body there- 
of, and a Si02 (quartz) layer 21 B on which a 
waveguide (core portion) 22 is formed. The Si 
substrate 21 A has a first guide groove 24 of a V- 
shaped cross section formed thereon adjacent an 
end portion (end face) 22a of the waveguide 22 for 
positioning the optical fiber 23 on an extension line 
of an optic axis of the waveguide 22. 

The fiber block 25 is fixed to an end portion of 
the optical fiber 23. The fiber block 25 has a 
second guide groove 26 of a V-shaped cross sec- 
tion formed thereon for fixing an optical fiber, and 
the optical fiber 23 is fixed in the second guide 
groove 26 and thus held on the fiber block 25. 

An end portion (end face) 23a of the optical 
fiber 23 is connected to the end portion (end face) 
22a of the waveguide 22 by fixing a face portion 
21a of the waveguide substrate 21 and an oppos- 
ing face portion 25a of the fiber block 25 to each 
other while the optical fiber 23 fixed to the fiber 
block 25 is held in close contact with the first guide 
groove 24 on the waveguide substrate 21. 

In the connection method of the present inven- 
tion, while the optical fiber 23 fixed to the fiber 
block 25 in advance is fixed such that a peripheral 
portion (clad portion) thereof closely contacts with 
the first guide groove 24 on the waveguide sub- 
strate 21 while the first guide groove 24 for posi- 
tioning a fiber is formed with a high degree of 
accuracy, the position of the optical fiber 23 with 
respect to the waveguide 22 can be determined 
without any adjustment, and the end portion 22a of 
the waveguide 22 and the end portion 23a of the 
optical fiber 23 can be connected to each other 
readily such that an optical signal may be commu- 
nicated with a low loss between them. 

In the following, an outline of the connection 
structure, the waveguide substrate waveguide sub- 
strate 21 and a method of producing the waveguide 
substrate waveguide substrate 21 in the first em- 
bodiment and characteristics of them will be de- 
scribed. 



The first guide groove 24 on the waveguide 
substrate 21 (Si substrate 21 A) for positioning a 
fiber provides a high coupling loss if it is not 
formed with a high degree of accuracy with respect 

5 to the waveguide 22. For example, where an or- 
dinary single mode fiber (mode field diameter: 10 
um) is connected to the waveguide 22 whose 
mode field diameter is approximately 10 um, an 
offset of 2 tim will cause a loss Of 1 to 2 dB. 

10 Accordingly, the reduction of the connection loss 
and the characteristic of reproducibility depend 
upon with what degree of accuracy the optical fiber 
can be positioned with respect to the center axis of 
the waveguide 22. 

76 First, as regards positioning in the vertical di- 

rection, the first guide groove 24 for positioning a 
fiber which is applied in the present connection 
structure is a groove of a V-shaped cross section 
formed by anisotropic etching which relies upon a 

20 certain crystal orientation of the Si substrate (single 
crystal) 21 A, and the first guide groove 24 can be 
formed with a high degree of reproducibility by 
controlling the setting of conditions upon etching. 
It is to be noted that, although the first guide 

25 groove 24 may have such a U-shaped cross sec- 
tion as shown in FIG. 6, where the U-shape is 
employed, the depth of the groove must be con- 
trolled in terms of the etching time. In contrast, 
where such a V-shaped cross section as shown in 

30 FIG. 7 is employed, the optical fiber 23 contacts 
with inclined faces of the first guide groove 24, and 
accordingly, the controllability in the vertical direc- 
tion (depthwise direction) of the optical fiber 23 to 
be fixed on the first guide groove 24 is improved 

35 comparing with that by the depth control necessi- 
tated with the U-shaped cross section (the toler- 
ance may be 1 .4 times that of a guide groove of a 
U-shaped cross section). 

For example, where the formation accuracy of 

40 the width of a mask pattern for forming the first 
guide groove 24 of the V-shaped cross section is 
±1 um, the amount of an offset of the optical fiber 
23 in the vertical direction can be suppressed 
approximately to ±0.7 um. Actually, with a tech- 

45 nique which employs photo-lithography, the offset 
amount can be suppressed less than ±5 um, which 
is a level which matters little. 

Subsequently, as regards positioning of the 
optical fiber in the leftward and rightward direction 

50 with respect to the waveguide 22, in order to con- 
nect the optical fiber and the waveguide 22 with a 
high degree of reproducibility to each other such 
that an optical signal may be communicated with a 
low loss between them, the first guide groove 24 of 

55 a V-shaped cross section must be formed with a 
high degree of accuracy with respect to the center 
axis of the waveguide 22. By multiple formation of 
the first guide groove 24 of a V-shaped cross 
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section by photo-lithography which is used 
popularly, it is difficult to form a groove of a V- 
shaped cross section having designed dimensions 
with a high degree of accuracy due to formation on 
a high offset, a distribution In a substrate (disloca- 
tion caused by deformation of a substrate arising 
from distortion or the like) and so forth. 

As one of means for overcoming the difficulty, 
an etching mask for forming a first guide groove of 
a V-shaped cross section is formed at the step of 
forming the waveguide (core portion) 22, and the 
pattern Is left til! the step of forming the first guide 
groove 24. whereafter the pattern is removed at the 
last step. 

By the method described above, the 
waveguide substrate 21 wherein the waveguide 22 
and the first guide groove 24 for positioning a fiber 
are formed with a high degree of accuracy on the 
Si substrate 21 A is produced. 

Subsequently, the optical fiber 23 is fixed to 
the first guide groove 24 of a V-shaped cross 
section formed on the Si substrate 21 A using a 
bonding agent, a soldering material or some other 
suitable means, and then the optical fiber 23 is 
fixed such that a circumferential face (clad) of the 
optical fiber 23 closely contacts with the first guide 
groove 24 formed on the waveguide substrate 21. 
Rxation between the waveguide substrate 21 and 
the fiber block 25 can be achieved by soldering 
where metal films are formed on the opposing face 
portions 21a and 25a of the waveguide substrate 
21 and the fiber block 25 as hereinafter described. 

The amount of a bonding agent or a soldering 
material to be used upon fixation must be con- 
trolled to some degree, and if the amount is exces- 
sively great, then the surplus bonding agent or 
soldering material may flow out to the first guide 
groove 24 or the surface of the optical fiber 23 to 
make an obstacle to the intended positioning. How- 
ever, the controllable range is Increased and fix- 
ation is facilitated by providing a flow groove and 
an escape groove. The grooves can be formed 
simultaneously with the formation of the guide 
groove, and the formation of the grooves does not 
require a special positioning operation where a 
same photo-lithography mask as a mask for a 
guide groove pattern is used. 

The optical fiber 23 can be positioned with 
respect to and connected to the waveguide 22 
readily only by pressing the optical fiber 23 against 
the first guide groove 24 which is formed with a 
high degree of accuracy. Further, the optical fiber 
23 can be fixed with a high degree of reliability by 
using soldering or a like means. 

It is to be noted that reference numeral 27 
denotes a cut groove formed by means of a dicing 
saw used to form the end portion 22a of the 
waveguide 22 (to form a mirror face). 



Subsequently, the waveguide-optical fiber con- 
nection structure and method as well as the 
waveguide substrate for use for the connection and 
the method of producing the waveguide substrate 

5 and also the optical fiber with a fiber substrate for 
use for the connection according to the first em- 
bodiment of the present invention will be described 
with reference to FIGS. 8 to 33. 

FIGS. 8 to 18 illustrate several steps of the 

10 process of producing the waveguide substrate in 
the first embodiment of the present invention. In 
the process, a low refraction index layer (lower clad 
layer) 31 and a high refraction index layer (core 
layer) 32 are deposited, for example, by a flame 

15 deposition method or a CVD (chemical vapor depo- 
sition) method on a Si substrate 21 A of the crystal 
face of 100 on which a first guide groove 24 of a V- 
shaped cross section is to be formed. The thic- 
knesses of the layers 31 and 32 are approximately 

20 20 um and 10 um, respectively. 

Subsequently, mask patterns (mask members) 
33A, 33B and 33C of a film of Si, Cu or some other 
suitable material are partially formed on the high 
refraction index layer 32 as shown in FIGS. 9 and 

25 10. It is to be noted that, in the first embodiment, a 
Si film is formed for the mask patterns. For the 
mask patterns 33A to 33C thus formed, a material 
having a lower etching rate than those for the low 
refraction index layer 31 and the core layer 32 is 

30 employed. A portion of the high refraction index 
layer 32 covered with the mask pattern 33A makes 
a waveguide formation area in which a waveguide 
is to be formed, and pre-mask patterns for forma- 
tion of a first guide groove of a V-shaped cross 

35 section is formed from the mask patterns 33 B and 
33C on an extension line of the waveguide forma- 
tion area. In other words, the first guide groove 24 
for positioning a fiber is formed at an uncovered 
portion of the high refraction index layer 32 held 

40 between the mask patterns 338 and 33C as 
hereinafter described. 

The mask patterns 33A to 33C are deposited 
by vapor deposition, sputtering or some other suit- 
able means, and the mask pattern 33A for forma- 

46 tion a waveguide and the pre-mask patterns mask 
patterns 338 and 33C for formation of a guide 
groove are formed in a very accurately positioned 
condition by performing a same photo-lithographic 
mask processing + etching step (RIE (reactive ion 

so etching) or the like). The mask patterns 33A to 33C 
are formed with a thickness sufficient to allow the 
mask patterns 338 and 33C for formation of a 
guide groove to bear etching by RIE or the like 
which will be hereinafter described, for example, 

55 approximately 5 um. 

A portion of the high refraction index layer 32 
on which the mask patterns 33A to 33C described 
above are not formed is etched as shown in FIG. 
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1 1 using a RIE equipment or some other suitable 
apparatus. As a result of the etching, a core portion 
(waveguide) 22 and a primary mask pattern (only 
high refraction index layer) for formation on a guide 
groove on the extension line of the waveguide 22 
are formed. 

Here, if the masl< pattern 33A is present on the 
waveguide 22. since light to be propagated is ab- 
sorbed by the mask pattern 33A, only the mask 
patterns 33B and 33C of the guide groove forma- 
tion area are protected while only the mask pattern 
33A on the waveguide 22 is removed by etching as 
shown in FIG. 12. 

In the condition shown in FIG. 12, a low refrac- 
tion index layer (upper clad layer or upper low 
refraction index layer) 34 is formed with a thickness 
of approximately 20 um on the entire area as 
shown in FIG. 13, for example, by a CVD method. 
In this instance, the low refraction index layer 34 is 
formed while the primary mask patterns 33B and 
33C for formation of a guide groove are left. How- 
ever, when the low refraction index layer 34 is 
formed by a flame deposition method, the low 
refraction index layer 34 must be formed between 
the mask patterns 33B and 33C with a thin film 35 
of a Si02 material interposed therebetween. 

Then, a mask material similar to that described 
hereinabove with reference to FIGS. 9 and 10 is 
deposited and patterned to form a mask 36 as 
shown in FIG. 14 so that the area of the low 
refraction index layers 34 and 31 including the 
waveguide (core portion) 22 may be protected 
against etching. The film thickness of the mask 36 
used here may be approximately 5 u.m. 

Further, while the areas of the low refraction 
index layer 34 and 31 including the waveguide 
(core portion) 22 Is held protected with the mask 
36, etching is performed by means of a RIE equip- 
ment or some other suitable apparatus until the Si 
substrate 21 A (crystal face: 100) of the guide 
groove formation section is exposed as shown in 
FIG. 15. 

In this instance, since the areas of the low 
refraction index layers 34 and 31 including the 
waveguide (core portion) 22 are protected with the 
metal mask 36, they are not etched. Also for the 
guide groove formation portion, the mask material 
left at the preceding step serves as a protector 
against etching so that a guide groove etching 
mask having a film thickness corresponding to the 
core (waveguide 22) + lower clad layer (low refrac- 
tion index layer 31) is formed finally. 

Thereafter, using the guide groove etching 
mask (low refraction index layer 31 and high refrac- 
tion index layer 32) having the thickness of the 
core + lower clad layer formed in such a manner 
as shown in FIG. 15. wet etching is performed to 
form a first guide groove 24 at the exposed portion 



of the Si substrate 21 A as shown in FIG. 16. For 
the etchant here, for example, a mixture of 
pyrocatecho! of 4 mol percent, ethylene diamine of 
46.4 mol percent and water of 49.4 mol percent or 

5 KOH or some other suitable material is used. 

The first guide groove 24 of a V-shaped cross 
section is formed due to a difference in etching 
rate in plane directions, which is peculiar to single 
crystal of Si, and adjustment of the height of an 

10 optical fiber 23 to be fixed can be performed 
readily with a high degree of accuracy by control- 
ling the width and the etching time of the etching 
mask. Here, the center of the core of the 
waveguide 22 is positioned at the distance of 25 

;5 um from the surface of Si, and when, an optica! 
fiber 23 (diameter: 125 um) is to be coupled at the 
position, the pattern distance (distance between the 
mask patterns 33B and 33C) for formation of the 
first guide groove 24 is approximately 120 am, 

20 At a stage when the step of formation of the 

first guide groove 24 is completed in such a man- 
ner as described above, the mask pattern (low 
refraction index layer 31 and high refraction index 
layer 32) for formation of a guide groove, which is 

25 unnecessary any more, is removed. Such removal 
may be performed by wet etching using a mixture 
of hydrofluoric acid + ammonium fluoride + water 
or by dry etching with the waveguide portion pro- 
tected with a metal film. 

30 After the etching mask for formation of a guide 

groove is removed, formation of an end face (for- 
mation of a mirror face) of the waveguide (core 
portion) 22 is performed using a precision cutting 
saw (dicing saw) to form a cut groove 27 between 

35 the waveguide 22 and the first guide groove 24 as 
shown In FIG. 18, The cutting line in this instance 
is formed so as to extend to the depth of about 200 
um in the Si substrate 21 A. Further, the cutting line 
width may be about 200 um. and where such cut 

40 groove 27 is provided, an obstacle, etching waste 
or the like produced at a boundary portion between 
the waveguide 22 and the first guide groove 24 can 
be removed by way of the cut groove 27. 

Then, when the waveguide substrate 21 pro- 

45 duced in such a manner as described above and 
the fiber block 25 produced in such manner as 
hereinafter described with reference to FIGS. 19 to 
23 are to be fixed to each other by soldering, a 
metal film 37 Is formed on the face portion 21a of 

50 the Si substrate 21 A of the waveguide substrate 21 
as shown in FIGS. 32 and 33 at the preceding step 
for formation of an end face. The film thickness of 
the metal film 37 is, where, for example, Au is 
used. Ti: 1,000 angstrom + Au: 2,000 angstrom. 

55 At the steps described hereinabove with refer- 

ence to FIGS. 8 to 18. the waveguide 22 and the 
first guide groove 24 for positioning a fiber oh an 
extension line of the waveguide 22 are formed on 



27 



EP 0 682 276 A1 



28 



the Si substrate 21 A. 

Subsequently, different steps of a process of 
producing the fiber block (fiber substrate) 25 of Si 
having the second guide groove 26 of the V- 
shaped cross section, which is used to couple the 
first guide groove 24 formed at the end portion of 
the waveguide substrate 21 produced In such a 
manner as described above and an optical fiber 23 
further readily and with certainty to each other, will 
be described with reference to FIGS. 19(a) to 19G). 

As seen from FIGS. 19(a) to 19(j), the fiber 
block 25 includes a Si substrate 25A (crystal face: 
100) on which a pattern of SiO? is formed by 
popular photo-lithography. In FIGS. 19(a) to 19(j), 
reference numeral 41 denotes a SIO2 layer. 42 a 
mask material, and 43 a resist material. 

In the process^ the films of the SIO? layer 41 
and the mask material 42 at the steps of FIGS. 1 9- 
(b) and 19(c) are formed by EB vapor deposition, 
sputtering or some other suitable means. Further, 
the patterning at the steps of FIGS. 19(e) to 19(1) is 
performed by photo-llthography/dry etching and 
wet etching. 

Then, using the mask (Si02 layer 41 ) for etch- 
ing a second guide groove formed by way of the 
steps of FIGS. 19(a) to 19(i). wet etching is per- 
formed to form a second guide groove 26 at an 
exposed portion of the Si substrate 25A as shown 
in FIG. I9(j). The etchant then may be. for exam- 
ple, a mixture of pyrocatechol of 4 mol percent, 
ethylene diamine of 46.4 mol percent and water of 
49.4 mol percent or KOH or some other suitable 
material similarly as upon formation of the first 
guide groove 24 in the waveguide substrate 21 
described above. Similarly as upon formation of the 
first guide groove 24, also the second guide groove 
26 of a V-shaped cross section is formed due to a 
difference in etching rate in planar directions which 
is peculiar to single crystal of Si. The size of the 
second guide groove 26 may be similar to that of 
the first guide groove 24 formed in the waveguide 
substrate 21. 

When the second guide groove 26 is formed 
on the Si substrate 25A as described above, such 
a photo-lithographic mask 44 as shown in FIG. 20 
is used to simultaneously form such a flow groove 
45 for solder as shown in FIGS. 21 and 22. In other 
words, the pattern of the second guide groove 26 
for fixation of an optical fiber and the pattern of the 
flow groove 45 for flowing solder or some other 
material in therethrough are formed using the same 
photo-lithographic mask 44. 

By the way, if it is intended to fix the 
waveguide substrate 21, the optical fiber 23 and 
the fiber block 25 using a bonding agent, the article 
obtained by the steps described above is cut into a 
piece of a required size to complete the fiber block 
25. However, where soldering is employed for the 



fixation, the following steps are required. 

In particular, after the second guide groove 26 
is formed on the surface of the Si substrate 25A, a 
metal film 46 is formed on the surface of the Si 
5 substrate 25A by EB deposition, sputtering or 
some other suitable means and then patterned as 
indicated by slanting lines in FIGS. 21 and 22 by 
photo-lithography. The patterning of the metal film 
46 is performed for the inside and the surroundings 

10 of the second guide groove 26 necessary for fix- 
ation of the optical fitter 23 and similarly for the 
inside of the flow groove 45 for solder as well as 
on the face portion 25a of the fiber block 25 to be 
joined to the face portion 21a (metal film 37) of the 

15 waveguide substrate 21 so that the waveguide sub- 
strate 21. the optical fiber 23 and the fiber block 25 
may he fixed to each other by soldering. 

Then, the article is finally cut into a piece of a 
required size using a cutting saw. thereby obtaining 

20 a fiber block 25 having a second guide groove 26. 

It is to be noted that, while, in the production 
method described above, the fiber block 25 is 
formed on a separate substrate, since the second 
guide groove 26 has an equal size to that of the 

25 first guide groove 24, the fiber block 25 may be 
formed by cutting away an end portion of the 
waveguide substrate 21 including the second guide 
groove 26 after the second guide groove 26 is 
formed simultaneously with the first guide groove 

30 24 making use of an extension line of the first 
guide groove 24 of the waveguide substrate 21 as 
shown in FIG. 23. By such production, the 
waveguide substrate 21 and the fiber block 25 can 
t>e produced efficiently at a time. 

35 Subsequently, working of the optical fiber 23 

necessary with the structure in the first embodi- 
ment and the fixation method between the fiber 
block 25 and the optical fiber 23 wilt be described 
with reference to FIGS. 24 to 30. 

40 Where the waveguide substrate 21, the optical 
fiber 23 and the fiber block 25 are fixed to each 
other by means of a bonding agent, metallization 
working for the optical fiber 23 is not required. 
However, where the waveguide substrate 21. the 

45 optical fiber 23 and the fiber block 25 are fixed to 
each other by soldering as in the first embodiment, 
metallization of the optical fiber 23 itself is re- 
quired. It is to be noted, however, that, upon fix- 
ation of the optical fiber 23 to the waveguide sub- 
so strate 21, the optical fiber 23 may be displaced 
from the waveguide by a soldering material flowing 
to an unnecessary location or due to a film thick- 
ness distribution of a metallization material or the 
like, and accordingly, the following working for the 

S5 optical fiber 23 is required. 

In particular, when it is tried to coat the entire 
outer periphery of the clad of the optical fiber 23 
with a metal film 51 as shown in FIG. 26. precision 
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film thickness control is required for the entire 
outer periphery of the clad of the optical fiber 23. 
However, in the first embodiment, since the solder 
material does not stick to a portion of the outer 
periphery of the clad of the optical fiber 23 adja- 
cent the first guide groove 24 of the waveguide 
substrate 21 . the metal film 51 is not applied to the 
portion of the outer periphery of the clad of the 
optical fiber 23 as shown in FIG. 27. Accordingly, 
the optical fiber 23 in the present embodiment is 
coated, only at an area of the outer periphery of 
the clad thereof necessary for metal fixation to the 
second guide groove 26 of the fiber block 25. with 
the metal film 51 as shown in FIGS. 24 and 25. 

For example, the following three methods may 
be available as a method for coating the outer 
periphery of the clad of the optical fiber 23 with the 
metal film 51. 

(X) The outer periphery of the clad of the optical 
fiber 23 is partially protected with a resist ma- 
terial by photo-lithography in advance, and only 
the necessary area is coated (metallized) with 
the metal film 51. 

@ The optical fiber 23 which Is metallized over 
the entire outer periphery thereof is protected at 
a portion thereof (area for which the metal film 
51 is required) with a resist material, and etch- 
ing is performed to remove an unnecessary 
portion of the metal film. 

® The optical fiber 23 which is metallized over 
the entire outer periphery thereof is fixed to the 
fiber block 25 (refer to FIG. 30). and in this 
condition, an unnecessary portion of the metal 
film is removed by processing similar to that 
employed in the method @ above. 
The optical fiber 23, which is metallized (coat- 
ed with the metal film 51) over about one half the 
outer periphery of the clad at an end portion there- 
of by the method described above, is placed in 
position onto the fiber block 25 using a jig or the 
like and solder 52 is injected into the flow groove 
45 for solder as seen in FIGS. 28 to 30, and the 
entire fiber block 25 is heated. 

When the temperature of the fiber block 25 
reaches the dissolution temperature of the solder 
52, the solder 52 flows out into the second guide 
groove 26, and at this point of time, the tempera- 
ture is lowered. Consequently, the optical fiber 23 
and the fiber block 25 are fixed to each other, 
thereby obtaining the optical fiber 23 with the fiber 
block 25 as shown in FIG. 30. 

After the fiber block 25 and the optical fiber 23 
are fixed to each other in this manner, they are 
joined to the waveguide substrate 21. Where a 
bonding agent is used for the fixation, the fiber 
block 25 is placed onto the waveguide substrate 21 
so that the optical fiber 23 is fitted in and closely 
contacted with the first guide groove 24 of the 



waveguide substrate 21, and then the tx>nding 
agent is flowed through the flow groove into a 
space between the face portion 21a of the 
waveguide substrate 21 and the opposing face 

5 portion 25a of the fiber block 25 to fixed them. 

On the other hand, also where soldering is 
employed, the fiber block 25 is first placed onto the 
waveguide substrate 21 so that the optical fiber 23 
is fitted in and closely contacted with the first guide 

10 groove 24 of the waveguide substrate 21 , and then 
solder 53 is injected into the flow groove, 
whereafter the entire waveguide substrate 21 is 
heated until the temperature thereof rises to the 
dissolving temperature of the solder 53 to fixed the 

15 waveguide substrate 21 and the fiber block 25 to 
each other as shown in FIGS, 31 to 33. Thereupon, 
the solder 53 spreads between the face portion 21a 
(metal film 37) of the waveguide substrate 21 and 
the opposing face portion 25a (metal film 46) of the 

20 fiber block 25 to achieve fixation stable in strength. 

Here, the melting point (dissolving tempera- 
ture) of the solder 53 employed for metal fixation 
between the fiber block 25 and the waveguide 
substrate 21 is selected lower than the melting 

25 point of the solder 52 used for metal fixation be- 
tween the fiber block 25 and the optical fiber 23. 
Consequently, such a situation that the solder 52 
between the fiber block 25 and the optical fiber 23 
fixed by metal fixation to each other precedingly as 

30 shown in FIG. 30 is melted by heat for melting the 
solder 53 used for later metal fixation between the 
fiber block 25 and the waveguide substrate 21 as 
shown in FIG. 33 so that the metal fixation con- 
dition between the fiber block 25 and the optical 

35 fiber 23 is degraded can be prevented. 

The face portion 21 a of the waveguide sub- 
strate 21 and the opposing face portion 25a of the 
fitter block 25 are fixed to each other In such a 
manner as described above, and the end portion 

40 22a of the waveguide 22 and the end portion 23a 
of the optical fiber 23 can be connected and fixed 
to each other in a condition wherein the core of the 
waveguide 22 and the core of the optical fiber 23 
are aligned accurately with each other. 

45 In this manner, according to the first embodi- 

ment of the present invention, the position of the 
optical fiber 23 relative to the waveguide 22 can be 
determined without any adjustment, and connection 
and fixation between the waveguide 22 and the 

50 Optical fiber 23 can be achieved readily with a high 
degree of accuracy and with a high degree of 
reliability with a simple structure such that a re- 
duced loss Is provided to an optical signal commu- 
nicated between the waveguide 22 and the optical 

55 fiber 23. Further, mass production and reduction In 
production cost of waveguide circuits can be re- 
alized. 
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c. Second Embodiment 

Referring now to FIGS. 34 and 35, there is 
shown a waveguide-optical fiber connection struc- 
ture according to a second preferred embodiment 
of the present invention. The waveguide-optical fi- 
ber connection structure of the second embodi- 
ment has a substantially similar construction and 
accordingly is a modification to the waveguide- 
optical fiber connection of the first embodiment 
shown in FIG. 5. The waveguide-optical fiber con- 
nection structure of the second emt)odiment, how- 
ever, is different principally in that a pair of optic 
axial direction positioning mechanisms 60A and 
60B for positioning the optical fiber 23 in the direc- 
tion of its optic axis are provided on the opposite 
sides of the guide grooves 24 and 26 (optical fiber 
23). 

The optic axial direction positioning mecha- 
nisms BOA and GOB include a pair of recessed 
portions 61 A and 61 B formed on the face portion 
21a of the waveguide substrate 21 on the opposite 
sides of the first guide groove 24 by a procedure 
hereinafter described with reference to FIGS. 36 to 
42. and a pair of projected portions 62A and 628 
formed on the face portion 25a of the fiber block 
25 on the opposite sides of the second guide 
groove 26 by another procedure hereinafter de- 
scribed with reference to FIGS. 46 to 51. 

Also in the present second embodiment, in 
order to allow the optical fiber 23 fixed to the fiber 
block 25 in advance to be fixed such that the outer 
periphery of the optical fiber 23 closely contacts 
with the first guide groove 24 on the waveguide 
substrate 21 while the first guide groove 24 for 
positioning a fiber is formed with a high degree of 
accuracy, the optical fiber 23 is located at an 
optimum position in the X-axis direction and the Y- 
axis direction (refer to FIG. 35) with respect to the 
waveguide 22 without any adjustment. 

By the way, for positioning of the optical fiber 
23 in the direction of its optic axis (Z-axis direction 
in FIG. 35). since the structure by which the optical 
fiber 23 is only abutted directly with the waveguide 
22 likely damages or increases the loss at the end 
portion 22a of the waveguide 22 or the end portion 
23a of the optical fiber 23 as described 
hereinabove, in the second embodiment, the op- 
tical fiber 23 can be positioned in the direction of 
its optic axis at a different portion from the optical 
fiber 23 without directly using the optical fiber 23. 

In particular, the optical fiber 23 is fixed to the 
fiber block 25 on which the projected portions 62A 
and 628 are formed, and in this condition, the 
projected portions 62A and 62B of the fiber block 
25 are fitted into the recessed portions 61 A and 
61 B of the waveguide substrate 21 . respectively, as 
shown in FIGS. 34. 35 and 43 and end faces 61 a of 



the recessed portions 61 A and 618 and end faces 
62a of the projected portions 62A and 628 are 
abutted with each other, respectively. 

Consequently, the optical fiber 23 can be lo- 
5 cated at an optimum position in the direction of the 
optic axis thereof without any adjustment. Accord- 
ingly, with the waveguide-optical fiber connection 
structure of the second embodiment of the present 
invention, such a situation that the optical fiber 23 

10 is pressed excessively strongly against the 
waveguide 22 to damage the end portion 22a of 
the waveguide 22 or the end portion 23a of the 
optical fiber 23 or to curve the optical fibei" 23 
itself, which makes a factor of an increase of the 

75 loss, can be prevented. Further, similarly as in the 
first embodiment, the waveguide 22 and the optical 
fiber 23 can be connected and fixed to each other 
readily with a high degree of accuracy and with a 
high degree of reliability with a simple structure 

20 such that an optical signal can be communicated at 
a low loss between them, which contributes to 
mass production and reduction in production cost 
of waveguide circuits. 

Subsequently, a procedure of producing the 

25 waveguide substrate 21 having the recessed por- 
tions 61 A and 618, which is employed in the 
second embodiment, will be descrit)ed with refer- 
ence to FIGS. 36 to 42. Rrst, as shown in FIG. 36. 
a low refracfion index layer (lower clad layer) 31 

30 and a high refraction index layer (core layer) 32 are 
deposited, for example, by a flame deposition 
method or a CVD method on a Si substrate 21 A of 
the crystal face of 100 on which a first guide 
groove 24 of a V-shaped cross section and a pair 

35 of recessed portions 61 A and 618 are to be 
formed. 

Then, mask patterns (mask members) 63A, 
638 and 63C are formed from a film of Si, Cu or 
some other suitable material partially on the low 

40 refraction index layer 31 as shown in FIG. 37. It is 
to be noted that, in the second embodiment, a Si 
film 63 is formed as a mask pattern. 

In this instance, by vapor depositing the mask 
pattern (Si film) 63 on the tow refraction index layer 

45 31 by EB vapor deposition, sputtering or the like as 
shown in FIG. 36 and then performing a same 
photo-lithographic mask processing + etching step 
(RIE or the like) similarly as in the first embodi- 
ment, the mask pattern 63A for formation of a 

50 waveguide and the mask patterns 63B and 63C for 
formation of a guide groove and recessed portions 
are formed in a condition wherein they are posi- 
tioned with a high degree of accuracy. In other 
words, a portion of the low refraction index layer 31 

55 covered with the mask pattern 63A makes a 
waveguide formation area in which a waveguide is 
to be formed. Further, a pre-mask pattern for for- 
mation of a first guide groove of a V-shaped cross 
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section and pre-mask patterns for formation of a 
pair of recessed portions on the opposite sides of 
the first guide group are formed by the mask 
patterns 63B and 63C on an extension line of the 
waveguide formation area. 

Then, the other portion of the high refraction 
index layer 32 on which the mask patterns 63A to 
63C are not formed is etched as shown in FIG. 37 
using a RIE equipment or the like. As a result of 
the etching, the core portion (waveguide) 22 and 
the primary mask pattern (only high refraction in- 
dex layer) for formation of a guide wave and re- 
cessed portions on an extension line of the 
waveguide 22 are formed. 

Here, where the mask pattern 63A is present 
on the waveguide 22, light propagating along the 
waveguide 22 is absorbed by the mask pattern 
63A, and accordingly, only the mask patterns 63B 
and 63C in the guide groove formation areas are 
protected while only the mask pattern 63A on the 
waveguide 22 Is removed as shown in FIG. 38 by 
multiple exposure or some other suitable means. 

In the condition shown in FIG. 38, a low refrac- 
tion index layer (upper clad layer, upper low refrac- 
tion index layer) 34 is formed over the entire area 
with the thickness . of approximately 20 um as 
shown in FIG. 39, for example, by a CVD method. 
In this instance, the low refraction index layer 34 Is 
formed leaving the mask patterns 63B and 63C for 
formation of a guide groove and recessed portions. 

Then, a mask material (Si film) similar to that 
described hereinabove with reference to FIG. 36 Is 
deposited on the areas of the low refraction index 
layers 34 and 31 Including the waveguide (core 
portion) 22 and patterned to form a mask 36 so 
that the areas may be protected against etching 
(RIE or the like) as shown in FIG. 39. The film 
thickness of the mask 36 used here may be ap- 
proximately 5 um. 

Further, etching is performed by means of a 
RIE equipment or the like while the areas of the 
low refraction index layers 34 and 31 including the 
waveguide (core portion) 22 remain protected by 
the mask 36 until the Si substrate 21 A (crystal 
face: 100) in the guide groove formation portion is 
exposed as shown in FIG. 40. 

In this instance, since the areas of the low 
refraction index layers 34 and 31 including the 
waveguide (core portion) 22 are protected with the 
metal mask 36, they are not etched. Also for the 
guide groove formation portion, the mask patterns 
638 and 63C left at the preceding step serve as 
stoppers against etching so that a guide groove 
etching mask for a guide groove and recessed 
portions having a film thickness corresponding to 
the core (waveguide 22) + lower clad layer (low 
refraction index layer 31) is formed finally. There- 
after, the mask patterns 638 and 63C are removed. 



Thereafter, using the etching mask (low refrac- 
tion index layer 31 and high refraction index layer 
32) for formation of a guide groove and recessed 
portions having the thickness of the core + lower 

5 clad layer formed in such a manner as shown in 
FIG. 40, wet etching (anisotropic etching) is per- 
formed to form a first guide groove 24 at an 
exposed portion of the Si substrate 21 A as shown 
in FIG. 41 and form, on the opposite sides of the 

10 first guide groove 24, a pair of recessed portions 
61 A and 618 which function as the optic axial 
direction positioning mechanisms 60A and 608. 

Here, while the mask patterns (low refraction 
index layer 31 and high refraction index layer 32) 

75 for formation of a guide groove and recessed por- 
tions in the first embodiment are removed using 
hydrofluoric acid or some other suitable material, in 
the second embodiment, the mask patterns are left 
as they are and the mask patterns themselves are 

20 used as the optic axial direction positioning mecha- 
nisms 60A and 608. 

Thereafter, formation of an end face (formation 
of a mirror face) of the waveguide (core portion) 22 
is performed using a precision cutting saw (dicing 

25 saw) to form a cut groove 27 between the 
waveguide 22 and the first guide groove 24 as 
shown in FIG. 42. Where such cut groove 27 is 
provided, an obstacle, etching waste or the like 
produced at a txjundary portion between the 

30 waveguide 22 and the first guide groove 24 can be 
removed by way of the cut groove 27 similarly as 
in the first embodiment. 

Meanwhile, projected portions 62A and 628 
which function as the optic axial direction position- 

35 ing mechanisms 60A and 60B are formed on the 
face portion 25a of the fiber block 25 in a similar 
procedure to the procedure of production of a 
modified fiber block which will be hereinafter de- 
scribed with reference to FIGS. 46 to 51. It is to be 

40 noted that also the second guide groove 26 and 
the flow groove 45 for solder which communicates 
with the second guide groove 26 are formed si- 
multaneously with the projected portions 62A and 
628 on the fitter block 25 In a similar manner as in 

45 the first embodiment. 

Further, similarly as in the first embodiment, a 
metal film is formed at an end portion (outer pe- 
riphery of the clad) of the optical fiber 23. the 
Insldes and the circumferences of the second 

50 guide groove 26 and the flow groove 45 for solder, 
the face portion 21a of the waveguide substrate 21 
and the face portion 25a of the fiber block 25 to be 
joined to the face portion 21a so that the 
waveguide substrate 21, the optical fiber 23 and 

55 the fiber block 25 may be fixed to each other by 
metal fixation by soldering. 

Then, also in the second embodiment, the op- 
tical fiber 23 is fixed, similarly as in the first em- 
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bodiment, by metal fixation to the fiber block 25 in 
accordance with the procedure described 
hereinabove with reference to FIGS. 28 to 30. 

Thereafter, the projected portions 62A and 62B 
of the fiber block 25 are fitted into the recessed 
portions 61 A and 618 of the waveguide substrate 

21 as described hereinabove with reference to 
FIGS. 34, 35 and 43. and then the fiber block 25 is 
moved toward the waveguide 22 until the end faces 
61a of the recessed portions 61 A and 61 B and the 
end faces 62a of the projected portions 62A and 
628 are abutted with each other, respectively. 

Consequently, the optical fiber 23 is located at 
an optimum position with respect to the waveguide 

22 in the X-axis direction and the Y-axis direction 
as well as the direction of the optic axis without 
any adjustment. Then, similarly as in the first em- 
bodiment, the face portion 21a of the waveguide 
substrate 21 and the opposing face portion 25a of 
the fiber block 25 are fixed by metal fixation to 
each other as described hereinabove with refer- 
ence to FIG. 33. 

It is to be noted that, while, in the second 
embodiment described above, the recessed por- 
tions 61 A and 61 B are formed on the waveguide 
substrate 21 and the projected portions 62A and 
628 are formed on the fiber block 25, alternatively 
the projected portions may be formed on the 
waveguide substrate 21 with the recessed portions 
formed on the fiber block 25. 

Further, while the fiber block 25 shown in 
FIGS. 34, 35 and 43 has only the projected por- 
tions 62A and 62B formed thereon for fitting in the 
recessed portions 61 A and 618 of the waveguide 
substrate 21, respectively, the fiber block 25 may 
have, in addition to the projected portions 62 A and 
628, for example, another pair of projected portions 
64A and 648 formed on the opposite sides of the 
second guide groove 26 thereon for fitting in the 
cut groove (dicing groove) 27 of the waveguide 
substrate 21 as shown in FIGS. 44 and 45. 

When the fiber block 25 on which the optical 
fiber 23 is held is mounted onto the waveguide 
substrate 21, the projected portions 64A and 648 
are fitted into the cut groove 27 of the waveguide 
substrate 21 so that they function as an optic axis 
direction positioning mechanism for positioning the 
optical fiber 23 in the direction of its optic axis 
together with the projected portions 62A and 628. 

A similar effect to that described above can be 
obtained even if another fiber block which only has 
the projected portions 64A and 648 in place of the 
projected portions 62A and 628 is employed. How- 
ever, where the fiber block 25 having both of the 
projected portions 62A and 62B and the projected 
portions 64A and 64B is employed, the alignment 
area can be assured great and the reliability in 
positional adjustment is enhanced, and besides. 



adhesion is facilitated. 

Here, a process of producing the fiber block 25 
having both of the projected portions 62A and 62B 
and the projected portions 64 A and 64B described 

5 hereinabove with reference to FIGS. 44 and 45 will 
be described with reference to FIGS. 46 to 51. 
First, similarly as in the first embodiment illustrated 
in FIG. 19, a SiOa layer 41 is deposited on a Si 
substrate 25A of the crystal face of 100 on which 

70 the second guide groove 26 of a V-shaped cross 
section and the projected portions 62A, 62B, 64A 
and 648 are to be formed, and then a Si layer is 
deposited as a mask material 42 on the Si02 layer 
41 by vapor deposition as shown in FIG. 46. 

;5 Then, a same photo-lithographic mask process- 

ing + etching step (RIE or the like) is performed to 
form mask patterns 65A to 650 of the mask ma- 
terial 42 for formation of projected portions in a 
highly accurately positioned condition, and then a 

20 portion of the Si02 layer 41 on which the mask 
patterns 65A to 65D are not formed is etched using 
a RIE equipment or the like as shown in FIG. 47. 
As a result of the etching, projected portions 62A, 
62B, 64A and 648 including the Si02 layer 41 and 

25 the mask patterns 65A to 65D are formed. 

Subsequently, in order to form the second 
guide groove 26 on the fiber block 25, a Si02 layer 
66 Is deposited over the entire area as shown in 
FIG. 48, and then a Si layer Is deposited as a mask 

30 member 67 by vapor deposition. 

Then, a same photo-lithographic mask process- 
ing + etching step (RIE or the like) is performed to 
form mask patterns 68A and 688 for formation of a 
guide groove in a very accurately positioned con- 

35 dition as shown in FIG. 49, and then a portion of 
the SiOz layer 66 on which the mask patterns 68A 
and 688 are not formed is etched by means of a 
RIE equipment or the like until the Si substrate 25A 
at the guide groove formation portion is exposed. 

40 In this instance, since the areas of the projected 
portions 62A, 628, 64A and 648 are protected with 
the mask patterns 68A and 688, they are not 
etched. 

Thereafter, the mask patterns 68A and 688 are 
45 removed, and wet etching (anisotropic etching) is 
performed using the remaining Si02 layer 66 as a 
guide groove etching mask to form a second guide 
groove 26 at the exposed portion of the Si sub- 
strate 25A as shown in FIG. 50, whereafter etching 
50 is performed by means of a RIE equipment until 
the Si substrate 25A is exposed. 

Consequently, only the portions protected with 
the mask patterns 65A to 650 remain, and the 
projected portions 62A, 628, 64A and 648 formed 
55 from the Si02 layer 41 and the mask patterns 65A 
to 650 and the fiber block 25 having the second 
guide groove 26 of a V-shaped cross section are 
produced as shown in FIG. 51 . 
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It is to be noted that, if the mask patterns 65C 
and 65D in FIG. 47 are not formed in the procedure 
of production of the fiber block 25 described 
hereinabove with reference to FIGS. 46 to 51, the 
projected portions 64A and 64B are not formed, but 
another fiber block having such projected portions 
62A and 62B as shown in FIGS. 34. 35 and 43 is 
produced. 

Further, though not shown in FIGS. 46 to 51, 
the flow groove 45 for solder shown in FIG. 45 can 
be formed simultaneously with formation of the 
second guide groove 26 in accordance with the 
quite same procedure as the procedure of forma- 
tion of the second guide groove 26. 

In the meantime, while, in the embodiment 
described above, the optic axial direction position- 
ing mechanisms 60A and BOB are constituted from 
the recessed portions 61 A and 61 B and the projec- 
ted portions 62A, 628, 64A and 64B, where an 
optical fiber to be connected to the waveguide 22 
is a tapered spherically ended optical fiber, the 
concave and convex portions described above may 
be replaced by an optic axial direction positioning 
mechanism 69 or 70 of such a construction as 
shown, for example, in FiG. 52 or 54, and also in 
this instance, similar effects to those described 
above can be achieved. However, where the optic 
axial direction positioning mechanism 69 or 70 is 
employed, such a fiber block 25 (employed In the 
first embodiment) having no projected portion as 
shown in FIG. 22 is employed. 

Further, the optic axial direction positioning 
mechanism 69 shown in FIG. 52 is constructed as 
a groove portion 24A formed at the end portion of 
the first guide groove 24 adjacent the waveguide 
and having a smaller width than the first guide 
groove 24. The groove portion 24A of such con- 
struction can be formed readily, for example, by 
modifying the shapes of the mask patterns 33B 
and 330 (refer to FIG. 13) employed for production 
of the waveguide substrate 21 in the first embodi- 
ment such that the end portions adjacent the 
waveguide may have a width reduced in accor- 
dance with the width of the groove portion 24A. 

It is to be noted that, with the waveguide sub- 
strate 21 shown in FIG. 52, the mask patterns (low 
refraction index layer 31 and high refraction index 
layer 32) for formation of a guide groove and 
recessed portions are left as they are so that they 
are used as the groove portion 24A of a small 
width similarly as in the second embodiment de- 
scribed hereinabove with reference to FIGS. 34 to 
43. 

In the construction described above, similarly 
as in the first and second embodiments, while a 
tapered spherically ended optical fiber 71 Is held 
by the fiber block 25 (not shown in FIGS. 52 and 
53), the tapered spherically ended optical fiber 71 



is fitted into the first guide groove 24 of the 
waveguide substrate 21 to position the tapered 
spherically ended optical fiber 71 in the X-axis 
direction and the Y-axis direction with respect to 

5 the waveguide 22. 

Simultaneously, the tapered spherically ended 
optical fiber 71 Is moved toward the waveguide 22 
(in the rightward direction in FIG. 53) together with 
the fiber block 25 until an end portion 71a of the 

10 tapered spherically ended optical fiber 71 is abut- 
ted with the groove portion 24A serving as the 
optic axial direction positioning mechanism 69 as 
shown in FIG. 53 to position the tapered spherically 
ended optical fiber 71 in the direction of its optic 

15 axis (Z-axis direction). 

Consequently, the tapered spherically ended 
optical fiber 71 can be located at an optimum 
position in the direction of its optic axis without any 
adjustment. Particularly, where a distance is re- 

20 quired between the tapered spherically ended op- 
tical fiber 71 and the waveguide 22, the tapered 
spherically ended optical fiber 71 can be posi- 
tioned accurately with certainty without interfering 
with advancement of the optical path of the tapered 

25 spherically ended optical fiber 71 and without dam- 
aging the end portion 22a of the waveguide 22 or 
the end portion 71a of the tapered spherically 
ended optical fiber 71 . 

The optic axial direction positioning mechanism 

30 70 shown in FIGS. 54 to 56 is constructed as a 
groove portion 24B of a V-shaped cross section 
formed at the end portion of the first guide groove 
24 adjacent the waveguide and having a width 
smaller than the first guide groove 24. It is to be 

35 noted that a cut groove (dicing groove) 27 is 
formed between the groove portion 24B and the 
waveguide 22 similarly as in the first and second 
embodiments and another cut (dicing groove) 72 is 
formed also between the first guide groove 24 and 

40 the groove portion 24B. 

Such groove portion 24B is formed in the fol- 
lowing manner. In particular, the first guide groove 
24 and the groove portion 24B are first formed in a 
similar manner to that of the optic axial direction 

45 positioning mechanism 69 shown in FIG. 52, and 
then the mask patterns (low refraction index layer 
31 and high refraction index layer 32) for formation 
of a guide groove are removed by means of 
hydrofluoric acid or the like similarly as in the first 

50 embodiment. 

Then, using a precision cutting saw (dicing 
saw), a cut groove 27 is formed between the 
groove portion 24B and the waveguide 22 to form 
an end face of the waveguide 22. and another cut 

55 groove 72 is formed also between the groove por- 
tion 24B and the first guide groove 24. Where such 
cut grooves 27 and 72 are formed, an obstacle, 
etching waste or the like produced at boundary 
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portions between the waveguide 22 and the first 
guide groove 24 and between the first guide 
groove 24 and the groove portion 24B can be 
removed by way of the cut grooves 27 and 72. 

As described above, the groove portion 24B of 
a V-shaped cross section having a smaller width 
and a smaller depth than the first guide groove 24 
is formed as the optic axial direction positioning 
mechanism 70 between the first guide groove 24 
and the waveguide 22 as shown in FIGS. 55 and 
56. 

Accordingly, similarly to the optic axial direc- 
tion positioning mechanism 69 described 
hereinabove with reference to FIGS. 52 and 53, by 
abutting the end portion 71a of the tapered spheri- 
cally ended optical fiber 71 with the groove portion 
24B serving as the optic axial direction positioning 
mechanism 70 as shown in FIG. 57, the tapered 
spherically ended optical fiber 71 can be located at 
an optimum position in the direction of its optic 
axis without any adiust without interference with 
advancement of the optical path of the tapered 
spherically ended optical fiber 71 and without dam- 
aging the end portion 22a of the waveguide 22 or 
the end portion 71a of the tapered spherically 
ended optical fiber 71 . 

d. Third Embodiment 

Referring now to FIG. 58. there is shown a 
waveguide-optical fiber connection structure ac- 
cording to a third preferred embodiment of the 
present invention. The waveguide-optical fiber con- 
nection structure shown Includes a waveguide sub- 
strate 81 which includes a silicon substrate (Si 
substrate) 81 A forming a substrate body of the 
waveguide substrate 81 and a Si02 (quartz) layer 
818 on which a waveguide (core portion) 82 is 
formed. A first guide groove 84 of a V-shaped 
cross section for positioning an optica! fiber 83 is 
formed on the silicon substrate 81 A on an exten- 
sion line of an optic axis of the waveguide 82 
adjacent an end portion (end face) 82a of the 
waveguide 82 similarly as in the first and second 
embodiments. 

The waveguide-optical fiber connection struc- 
ture further includes a fiber substrate 85. which is 
in the form of a silicon substrate formed and lo- 
cated in an opposing relationship to the silicon 
substrate 81 A across the SiOa layer 818. A second 
guide groove 86 of a V-shaped cross section for 
positioning the optical fiber 83 is formed at an end 
portion of the fiber substrate 85, and the fiber 
substrate 85 is fixed to the waveguide substrate 81 
<SiC>2 layer 818), for example, by anode joining 
(which will be hereinafter described) with the sec- 
ond guide groove 86 opposed to the first guide 
groove 84. 



Thus, by inserting and fixing the optical fiber 
83 between the waveguide substrate 81 (silicon 
substrate 81 A) and the fiber substrate 85 along the 
first guide groove 84 and the second guide groove 

5 86, the end portion (end face) 82a of the 
waveguide 82 and an end portion (end face) 83a of 
the optical fiber 83 are connected to each other. 

It is to be noted that, in FIG. 58, reference 
numeral 87 denotes a first communication path 

10 (communication hole) formed in the fiber substrate 
85 in such a manner as to communicate with a 
space (in the second guide groove 86) between the 
end portion 82a of the waveguide 82 and the end 
portion 83a of the optical fiber 83, and 88 a second 

/5 communication path (communication hole) formed 
in the fiber substrate 85 in such a manner as to 
communicate with a portion in the proximity of a 
central portion in the longitudinal direction of the 
second guide groove 86. The techniques for forma- 

20 tion and the functions of the first communication 
path 87 and the second communication path 88 will 
be hereinafter described. 

By the way, as shown, for example, in FIG. 59. 
the waveguide substrate 81 is formed by a plural 

25 number (three in FIG. 59) at a time on a silicon 
wafer 90. and such a waveguide substrate 81 as 
shown in FIGS. 60 and 61 is obtained by cutting 
each of the waveguide substrates 81 from the 
silicon wafer 90 into a chip. 

30 The technique of producing the waveguide 

substrates 81 on the silicon wafer 90 is quite simi- 
lar to the procedure used to produce the 
waveguide substrate 21 in the first or second em- 
bodiment, and the quartz waveguide 82, the first 

35 guide groove 84 of a V-shaped cross section and 
so forth are formed on the silicon wafer 90 by 
photo-lithography or etching. It is to be noted that 
the waveguide substrate 81 in the present embodi- 
ment is formed such that is has a pair of such first 

40 guide grooves 84 on the opposite sides of the 
waveguide 82 as shown in FIGS. 59 to 61. 

Also the fiber substrate 85 is formed on a 
silicon wafer (not shown) similarly to the waveguide 
substrate 81, and such a fiber substrate 85 as 

45 shown in FIGS. 62 and 63 is obtained by cutting 
the silicon wafer into a chip. The technique of 
producing the fiber substrate 85 on the silicon 
wafer is similar to the procedure used to produce 
the fiber block 25 in the first or second embodi- 

50 ment, and a pair of second guide grooves 86 of a 
V-shaped cross section are formed on the silicon 
wafer by photo-lithography, etching or the like. 

It is to be noted that such flow groove 45 for 
solder as in the first or second embodiment is 

55 formed is not formed on the fiber substrate 85 in 
the third embodiment, but a first communication 
path 87, a second communication path 88 and a 
third communication path 89 are formed in an 
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equatty spaced relationship from each other in the 
longitudinal direction of the second guide grooves 
86 for each of the second guide grooves 86 as 
shown in FIGS. 62 and 63. 

The communication paths 87. 88 and 89 are 
formed as holes by means of an excimer laser or 
by wet etching or mechanical working (micro-drill- 
ing) or the like such that they extend from the rear 
face of the fiber substrate 85 (the face remote from 
the face on which the second guide grooves 86 are 
formed) to the second guide grooves 86 as shown 
in FIG. 63. 

It Is to be noted that the fiber substrate 85 in 
the present embodiment is constructed such that, 
as shown In FIGS. 62 and 63, it has a flat face 
portion 85A to be contacted with and fixed to the 
SiOz layer 81 B of the waveguide substrate 81 and 
has the second guide grooves 86 and the commu- 
nication paths 87 to 89 adjacent the opposite ends 
of the flat face portion 85A. 

In the third embodiment, using the waveguide 
substrate 81 and the fiber substrate 85 constructed 
in such a manner as described above, the 
waveguide 82 and the optical fiber 83 are con- 
nected to each other in accordance with the proce- 
dure described below with reference to FIGS. 64 to 
70. 

First, the fiber substrate 85 is placed onto an 
upper face of the Si02 layer 81 B of the waveguide 
substrate 81 in such a manner that the second 
guide grooves 86 are opposed to the first guide 
grooves 84 of the waveguide substrate 81 (silicon 
substrate 81 A), and then the fiber substrate 85 is 
applied and fixed to the waveguide substrate 81 
(silicon substrate 81 A) using a silicon anode joining 
apparatus as shown in FIGS. 64 and 65. 

In this instance, the anode joining apparatus 
employs an infrared microscope and can observe 
through silicon, and accordingly, the joining is pier- 
formed while patterns of the waveguide substrate 
81 and the fiber substrate 85 are observed from 
the rear face side (upper face side in FIG. 65) of 
the fiber substrate 85 to effect positioning of them. 

Here in the anode joining, when it is tried to 
join silicon (81) members, a silicon member and a 
Si02 member or Si02 members to each other, a 
voltage is applied between two wafers (the 
waveguide substrate 81 and the fiber substrate 85) 
together with heat (for exarnple. 400 to 500 • C, 500 
kV), whereupon the two wafers are joined to each 
other due to the force between atoms and the 
covalent bond. 

After the waveguide substrate 81 and the fiber 
substrate 85 are joined to each other as shown in 
FIG. 65. the opposite ends of the waveguide sub- 
strate 81 and the fiber substrate 85 thus joined are 
cut to form end faces to form the waveguide sub- 
strate 81 and the fiber substrate 85 into a chip. 



When such cutting is performed, each of the third 
communication paths 89 which are formed in ad- 
vance on the fiber substrate 85 and are located 
nearest to the opposite end portions function as a 

5 cutting guide. In particular, cutting is performed 
from the rear face side of the fiber substrate 85 
while confirming the position of the third commu- 
nication paths 89 so that V-shaped cross sections 
of the first guide groove 84 and the second guide 

70 groove 86 are exposed to the end faces of the 
waveguide substrate 81 and fiber substrate 85, 
respectively. 

Then, the optical fiber 83 is inserted into a gap 
between the end portions of the waveguide sub- 

75 strate 81 and the fiber substrate 85, that is, be- 
tween the silicon substrate 81 A and the fiber sub- 
strate 85, along the first guide groove 84 and the 
second guide groove 86 as shown in FIGS. 66 and 
67. In this manner, positioning of the optical fiber 

20 83 with respect to the waveguide 82 is performed 
without any adjustment only by inserting the optical 
fiber 83 similarly as in the first embodiment. 

After such insertion of the optical fiber 83. a 
thin bar 91 made of a metal or a resin material is 

25 inserted from the rear face side of the fiber sub- 
strate 85 through an associated one of the second 
communication paths 88 so that the optical fiber 83 
is pushed downwardly into a fixed condition by the 
bar 91 , and in this condition, a light setting resin 93 

30 is injected into a space 92 between the end portion 
82a of the waveguide 82 and the end portion 83a 
of the optical fiber 83 from the rear face side of the 
fiber substrate 85 through an associated one of the 
first communication paths 87. 

35 For the tight setting resin 93, for example, a UV 

(Ultra Violet) bonding agent which is hardened 
upon reception of ultraviolet rays and has a refrac- 
tion index equal to that of the waveguide (core 
portion) 82 is employed. After the injection of the 

40 light setting resin 93. ultraviolet rays are introduced 
to the optical fiber 83 to harden the light setting 
resin 93 in the space 92 thereby to fix the optical 
fiber 83 to the waveguide 82 to optically couple the 
waveguide 82 and the optical fiber 83 to each 

45 other. 

Further, in order to raise the fixation strength of 
the optical fiber 83. a bonding agent, for example, 
a heat setting epoxy resin bonding agent (EP- 
OTEC353ND (trade mark) or the like), is injected 

50 through the second communication path 88 in 
which the bar 91 is inserted as shown in FIG. 68. 
Consequently, the bonding agent is filled through 
the second guide groove 86 into a space defined 
by the outer periphery of the optical fiber 83. the 

55 silicon substrate 81 A and the fiber substrate 85 so 
that the optical fiber 83 is fixed between the silicon 
substrate 81 A and the fiber substrate 85 by the 
bonding agent, thereby forming such a connection 
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Structure as shown in FIG. 69. 

It is to be noted that, while, in the embodiment 
described above, the optical fiber 83 is fixed by 
means of an epoxy resin bonding agent, alter- 
natively the optical fiber 83 may be fixed between 
the silicon substrate 81 A and the fiber substrate 85 
by soldering as seen In FIG. 70. 

In this instance, however, soldering is per- 
formed before the light setting resin 93 (UV bond- 
ing agent) is injected. 

Further, a metal film 94 (for example, a Ni/Au 
film wherein the film thickness of Ni is 2.5 jxm and 
the film thickness of Au is 0.5 um) is formed on an 
outer periphery of the clad adjacent the end of the 
optical fiber 83 in advance by plating, and another 
metal film (for example, a Cr/Ti/Au film wherein the 
film thickness of Gr Is 1,000 angstrom, the film 
thickness of Ti is 2.000 angstrom and the film 
thickness of Au is 1,000 angstrom) is patterned, In 
advance before anode joining, on a surface portion 
81a (Including the inside of the first guide groove 
84) of the silicon substrate 81 A and a surface 
portion 85a (Including the Inside of the second 
guide groove 86) of the fiber substrate 85. The 
wettability for solder is enhanced by forming the 
metal films 94 and 95 on the optical fiber 83, the 
surface portion 81a of the silicon substrate 81 A and 
the surface portion 85a of the fiber substrate 85 In 
this manner. 

After the optical fiber 83 is inserted between 
the silicon substrate 81 A and the fiber substrate 85 
as shown in FIG. 69, the bar 91 is inserted from the 
rear face side of the fiber substrate 85 through the 
first communication path 87 so that the optical fiber 
83 is pushed downwardly by the bar 91 to fix the 
optical fiber 83, and while the sub-assembly is 
heated to about 200 ' C. solder is Injected from the 
rear face side of the fiber substrate 85 through the 
second communication path 88. The solder is thus 
filled, due to the wettability of the metal films 94 
and 95. into the space defined by the outer periph- 
ery of the optical fiber 83, the silicon substrate 81 A 
and the fiber substrate 85 so that the optical fiber 
83 is fixed between the silicon substrate 81 A and 
the fiber substrate 85 by means of the solder. 

Then, after the solder become cool, a light 
setting resin 93 (UV bonding agent) is injected into 
the space 92 between the end portion 82a of the 
waveguide 82 and the end portion 83a of the 
optical fiber 83 from the rear face side of the fiber 
substrate 85 through the first communication path 
87. and then ultraviolet rays are introduced to the 
light setting resin 93 to harden the light setting 
resin 93 in the space 92 to fix the optical fiber 83 
to the waveguide 82 to optically couple the 
waveguide 82 and the optical fiber 83 to each 
other. 



In this manner, according to the third embodi- 
ment of the present invention, since the position of 
the optical fiber 83 with respect to the waveguide 
82 can be determined without any adjustment only 
5 by Inserting the optical fiber 83 between the 
waveguide substrate 81 (silicon substrate 81 A) and 
the fiber substrate 85 along the first guide groove 

84 and the second guide groove 86. the number of 
man-hours is reduced to enhance the operability. 

JO Further, the end portion 82a of the waveguide 82 
and the end portion 83a of the optical fiber 83 can 
be connected to each other readily with a high 
degree of accuracy and with a high degree of 
reliability with a simple construction such that an 

/5 optical signal can be communicated at a low loss 
between them, and consequently, mass production 
and reduction In production cost of waveguide cir- 
cuits can be realized. 

Further, in the third embodiment, inclined faces 

20 96 are formed, when the first guide groove 84 and 
the second guide groove 86 of a V-shaped cross 
section are formed by anisotropic etching, at end 
portions of the first guide grooves 84 and the 
second guide grooves 86 adjacent the waveguide 

25 82 as shown In FIG. 67. Consequently, when the 
optical fiber 83 is inserted, it cannot be moved 
toward the waveguide 82 farther than the inclined 
faces 96. and consequently, the end portion 83a of 
the optical fiber 83 can be prevented from being 

30 abutted directly with the end portion 82a of the 
waveguide 82 and the end portion 83a of the 
optical fiber 83 and the end portion 82a of the 
waveguide 82 can be protected from damaging. 
Further, in the third embodiment, since the 

35 waveguide substrate 81 (SiOa layer 81 B) and the 
fiber substrate 85 are joined to each other by the 
force between atoms of Si and the covalent bond, 
the waveguide substrate 81 and the fiber substrate 

85 can be fixed very readily with a high strength. 

40 The present invention is not limited to the 

specifically described embodiment, and variations 
and modifications may be made without departing 
from the scope of the present invention. 

45 Claims 

1. A waveguide-optical fiber connection structure, 
characterized in that is comprises: 
an optical fiber (13): 
50 a waveguide substrate (11) having a 

waveguide (12) integrally formed thereon, said 
waveguide substrate (11) having a first guide 
groove (14) formed thereon adjacent an end 
portion (12a) of said waveguide (12) for posi- 
55 tioning said optical fiber (13) therein: and 

a fiber substrate (15) provided in an op- 
posing relationship to said first guide groove 
(14) for cooperating with said first guide groove 
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(14) to hold said optica) fiber (13) thereon. 

2. A waveguide-optical fiber connection structure, 
characterized in that is comprises: 

an optica! fiber (13): 5 

a waveguide substrate (11) having a 
waveguide (12) integrally formed thereon, said 
waveguide substrate (11) having a first guide 
groove (14) formed thereon adjacent an end 
portion (12a) of said waveguide (12) for posi- w 
tioning said optical fiber (13) therein; and 

a fiber substrate (15) for holding said op- 
tical fiber (13) thereon: 

6 face portion (11a) of said waveguide 
substrate (11) and an opposing face portion is 
(15a) of said fiber substrate (15) being fixed to 
each other in a condition wherein said optical 
fiber (13) fixed to said fiber substrate (15) is 
held in close contact with said first guide 
groove (1 4) on said waveguide substrate (1 1 ). 20 

3. A waveguide-optical fiber connection structure, 
characterized in that is comprises: 

an optical fiber (13); 

a waveguide substrate (11) having a 25 
waveguide (12) integrally formed thereon, said 
waveguide substrate (11) having a first guide 
groove (14) formed thereon adjacent an end 
portion (12a) of said waveguide (12) for posi- 
tioning said optical fiber (13) therein; and 30 

a fiber substrate (15) having an optical 
fiber fixing second guide groove (16) formed 
thereon and coated with a metal film, said fiber 
substrate (15) having a solder supply groove 
formed thereon and communicating with said 35 
second guide groove (16) for flowing thereth- 
rough solder to be used for metal fixation of 
said fiber substrate (15) to said optical fiber 

(13) . ?sald optical fiber (13) having a metal 
coating applied to an area of an outer periph- 40 
ery of a clad thereof necessary for metal fix- 
ation to said second guide groove (16), said 
optical fiber (13) being fixed to said fiber sub- 
strate (15) by metal fixation which is achieved 

by flowing solder in through said solder supply 45 
groove while said optical fiber (13) is mounted 
in said second guide groove (16): 

each of a face portion (15a) of said fiber 
substrate (15) and a face portion (11a) of said 
waveguide substrate (1 1 ) which are opposed to so 
each other when said optical fiber (13) fixed to 
said fiber substrate (15) by metal fixation is 
closely contacted with said first guide groove 

(14) of said waveguide substrate (11) having a 
metal film formed thereon; ss 

said waveguide (12) and said optical fiber 
(13) being connected to each other by metal 
fixation between said metal films on said face 



portion (11a) of said waveguide substrate (11) 
and said face portion (15a) of said fiber sub- 
strate (15) opposing to said face portion (11 a) 
of said waveguide substrate (11) while said 
optical fiber (13) fixed to said fiber substrate 
(15) is held in close contact with said first 
guide groove (14) on said waveguide substrate 
(11). 

4. A Waveguide-optical fiber connection structure 
as set forth in any one of claims 1 to 3, 
characterized in that an optic axis direction 
positioning mechanism is provided over said 
waveguide substrate (11) and said fiber sub- 
strate (15) for positioning said optical fiber (13) 
in a direction of its optic axis. 

5. A waveguide-optical fiber connection structure 
as set forth in claim 4, characterized in that 
said optic axis direction positioning mechanism 
includes a recessed portion formed on one of 
said waveguide substrate (11) and said fiber 
substrate (15) and a complementary projected 
portion formed on the other of said waveguide 
substrate (11) and said fiber substrate (15). 

6. A waveguide-optical fiber connection structure 
as set forth in claim 4, characterized in that 
said optic axis direction positioning mechanism 
includes a dicing groove formed on said 
waveguide substrate (11) and a projected por- 
tion formed on said fiber substrate (15) for 
fitting in said dicing groove. 

7. A waveguide-optical fiber connection structure 
as set forth in claim 4. characterized in that 
said optical fiber (13) is formed as a tapered 
spherically ended optical fiber, and said optic 
axis direction positioning mechanism is a 
grooved portion formed at an end portion of 
said first guide groove (14) adjacent said 
waveguide (12) and having a width smaller 
than that of said first guide groove (14) for 
abutting with an end portion of said tapered 
spherically ended optical fiber. 

8. A waveguide-optical fiber connection method 
for connecting an end portion of an optical 
fiber to an end portion of a waveguide, com- 
prising the steps of: 

preparing a waveguide substrate (11) hav- 
ing a waveguide (12) integrally formed thereon 
and having a first guide groove (14) formed 
thereon adjacent an end portion (12a) of said 
waveguide (12) for positioning said optical fiber 
(13) therein and a fiber substrate (15) for hold- 
ing said optical fiber (13) thereon; and 

fixing a face portion (11 a) of said 
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waveguide substrate (11) and an opposing face 
portion (15a) of said fiber substrate (15) to 
each other in a condition wherein said optical 
fiber (13) fixed to said fiber substrate (15) is 
held in close contact with said first guide 
groove (14) on said waveguide substrate (11). 

9. A waveguide-optical fiber connection method 
as set forth in claim 8, characterized in that 
said optical fiber (13) having a metal coating 
applied to an outer periphery of a clad thereof 
in advance Is fixed by metal fixation to said 
second guide groove (16) of said fiber sub- 
strate (15) at which said fiber substrate (15) is 
coated with a metal film to hold said optical 
fiber (13) on said fiber substrate (15). and in 
this condition, said waveguide (12) and said 
optical fiber (13) are connected to each other 
using said fiber substrate (15) with said optical 
fiber (13). 

10. A waveguide-optical fiber connection method 
as set forth in claim 8, characterized in that 
said waveguide (12) and said optical fiber (13) 
are connected to each other using said fiber 
substrate (15) on which said optical fiber (13) 
Is held by fixing, by metal fixation, to said 
second guide groove (16) of said fiber sub- 
strate (15) said optical fiber (13) having a metal 
coating applied only to an area of an outer 
periphery of a clad thereof necessary for metal 
fixation to said second guide groove (16) while 
said optical fiber (13) is mounted in said sec- 
ond guide groove (16). 

11. A waveguide-optical fiber connection method 
as set forth in claim 9. characterized in that 
said optical fiber (13) is mounted into said 
second guide groove (16) of said fiber sub- 
strate (15) on which a solder supply groove for 
flowing in therethrough solder to be used for 
metal fixation to said optical fiber (13) is 
formed in a communicating relationship with 
said second guide groove (16), and solder is 
flowed in through said solder supply groove to 
fix said optical fiber (13) to said fiber substrate 
(15) by metal fixation, and then said waveguide 
(12) and said optical fiber (13) are connected 
to each other using said fiber substrate (15) to 
which said optical fiber (13) is fixed. 

12. A waveguide-optical fiber connection method 
as set forth in claim 8. characterized in that 
each of a face portion (I5a) of said fiber sub- 
strate (15) and a face portion (11a) of said 
waveguide substrate (1 1 ) which are opposed to 
each other when said optical fiber (13) fixed to 
said fiber substrate (15) by metal fixation is 



closely contacted with said first guide groove 
(14) of said waveguide substrate (11) has a 
metal film formed thereon, and the metal films 
are fixed to each other by metal fixation to 
5 connect said waveguide (12) and said optical 

fiber (13) to each other. 

13. A waveguide-optical fiber connection method 
as set forth in claim 12, characterized in that a 

JO solder material used for the metal fixation be- 

tween said fiber substrate (15) and said 
waveguide substrate (11) has a melting point 
set lower than the melting point of another 
solder material used for the metal fixation ba- 
rs tween said fiber substrate (15) and said optical 
fiber (13). 

14. A waveguide-optical fiber connection method 
as set forth in claim 9, characterized in that 

20 said waveguide (12) and said optical fiber (13) 

are connected to each other using said 
waveguide substrate (11) wherein a quartz 
waveguide and a first guide groove (14) of a V- 
shaped cross section are formed on a silicon 

25 substrate (11 A) and said fiber substrate (15) 

wherein a second guide groove (16) of a V- 
shaped cross section is formed on said silicon 
substrate (11 A) and said optical fiber (13) is 
held in said second guide groove (16). 

30 

15. A waveguide-optical fiber connection method 
as set forth in claim 9. characterized in that 
said fiber substrate (15) which is first con- 
structed as a portion of said waveguide sub- 

35 Strata (11) on which said second guide groove 

(16) for fixation of an optical fiber is formed as 
an extension of said first guide groove (14) 
simultaneously upon production of said 
waveguide substrate (11) and is thereafter 

40 formed as a separate member from said 

waveguide substrate (11) by being cut from 
said waveguide substrate (11) and on which 
said optical fiber (13) is held is prepared, and 
said waveguide (12) and said optical fiber (13) 

45 are connected to each other using said fiber 

substrate (15) on which said optical fiber (13) 
is held. 

16. A waveguide substrate for use for waveguide- 
50 optical fiber connection, comprising a substrate 

having a waveguide (12) integrally formed 
thereon and having a first guide groove (14) 
formed adjacent an end portion (12a) of said 
waveguide (12) thereon for positioning an op- 
55 tical fiber (13), said waveguide (12) and said 

first guide groove (14) being formed using a 
single mask member having patterns for for- 
mation of a waveguide and a guide groove. 
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17. A method of producing a waveguide substrate 
for use for waveguide-optical fiber connection, 
comprising the steps of: 

forming a low refraction index layer and a 
high refraction index layer on a silicon sub- 
strate (11 A); 

partially removing said high refraction in- 
dex layer using a single mask member having 
patterns for formation of a waveguide and a 
guide way to form etching areas for a 
waveguide and a guide groove; and 

forming an upper low refraction index layer 
while the mask member on the opposite sides 
of the etching area for a guide groove is left as 
a fiber positioning etching mask, forming a 
guide groove (14) and finally removing the 
etching mask. 

18. A method of producing a waveguide substrate 
for use for waveguide-optical fiber connection 
as set forth in claim 17, characterized in that 
the step of forming an upper low refraction 
index layer on the etching mask includes the 
step of forming a thin film of a Si02 material 
between the upper low refraction index layer 
and the etching mask. 

19. An optical fiber with a fiber substrate for use 
for waveguide-optical fiber connection, 
characterized in that is comprises: 

an optical fiber having, at an end portion 
thereof, a metal coating provided on an outer 
periphery of a clad thereof; and 

a fiber substrate (15) having a second 
guide groove (16) for fixation of an optical fiber 
formed thereon and coated with a metal film; 

said end portion of said optical fiber being 
fixed by metal fixation to said second guide 
groove (16) of said fiber substrate (15). 

20. An optical fiber with a fiber substrate for use 
for waveguide-optical fiber connection as set 
forth in claim 19. characterized in that said end 
portion of said optical fiber at which said op- 
tical fiber is coated with the metal coating only 
in an area of the outer periphery of the clad 
thereof necessary for metal fixation of said 
optical fiber to said second guide groove (16) 
of said fiber substrate (15) is fixed by metal 
fixation to said second guide groove (16) of 
said fiber substrate (15) in a condition wherein 
it is mounted in said second guide groove (16) 
of said fiber substrate (15) to provide said fiber 
substrate (15) at said end portion of said op- 
tical fiber. 

21. An optical fiber with a fiber substrate for use 
for waveguide-optical fiber connection as set 



forth in claim 19, characterized in that said 
fiber substrate (15) is provided at said end 
portion of said optical fiber by fixing said end 
portion of said optical fiber to said fiber sub- 

5 strate (15) by metal fixation by mounting said 

end portion of said optical fiber in said second 
guide groove (16) of said fiber substrate (15) 
on which a solder supply groove for flowing in 
therethrough solder to be used for metal fix- 

10 ation to said end portion of said optical fiber is 

formed in a communicating relationship with 
said second guide groove (16) and flowing 
solder in through said solder supply groove. 

;5 22. A waveguide-optical fiber connection structure, 
characterized in that is comprises: 
an optical fiber (1 3); 

a waveguide substrate (11) having a 
waveguide (12) integrally formed thereon, said 
20 waveguide substrate (11) having a first guide 

groove (14) formed thereon adjacent an end 
portion (12a) of said waveguide (12) for posi- 
tioning said optical fiber (13) therein; and 

a fiber substrate (15) having a second 
25 guide groove (16) formed therein for position- 

ing said optical fiber (13). said fiber substrate 

(15) being fixed to said waveguide substrate 
(11) with said second guide groove (16) thereof 
opposed to said first guide groove (14); 

30 said waveguide (12) and said optical fiber 

(13) being connected to each other by insert- 
ing and fixing said optical fiber (13) between 
said waveguide substrate (11) and said fiber 
substrate (15) along said first guide groove 

35 (14) and said second guide groove (16). 

23. A waveguide-optical fiber connection method 
for connecting an end portion of an optical 
fiber to an end portion of a waveguide, com- 

40 prising the steps of: 

preparing a waveguide substrate (11) hav- 
ing a waveguide (12) integrally formed thereon 
and having a first guide groove (14) formed 
thereon adjacent an end portion (12a) of said 

45 waveguide (12) for positioning said optical fiber 

(13) therein and a fiber substrate (15) having a 
second guide groove (16) formed therein for 
positioning said optical fiber (13); 

fixing said fiber substrate (15) to said 

so waveguide substrate (11) with said second 

guide groove (16) thereof opposed to said first 
guide groove (14); and 

inserting and fixing said optical fiber (13) 
between said waveguide substrate (11) and 

55 said fiber substrate (15) along said first guide 

groove (14) and said second guide groove 

(16) . 
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24. A waveguide-optical fiber connection method 
as set forth in claim 23. characterized in that 
said waveguide (12) and said optical fiber (13) 
are connected to each other using said 
waveguide substrate (11) wherein a quartz 
waveguide and a first guide groove (14) of a V- 
shaped cross section are formed on a silicon 
substrate (11 A) and said fiber substrate (15) 
wherein a second guide groove (16) of a V- 
shaped cross section is formed on said silicon 
substrate (1 1 A). 

25. A waveguide-optical fiber connection method 
as set forth in claim 24, characterized in that 
said waveguide substrate (11) and said fiber 
substrate (15) are fixed to each other by anode 

ir>in\nn 
»• 

26. A waveguide-Optical fiber connection method 
as set forth in claim 23. characterized in that a 
first communication path which communicates 
with a space between said end portion (12a) of 
said waveguide (12) and an end portion (13a) 
of said optical fiber (13) is formed in said fiber 
substrate (15). and said optical fiber (13) is 
fixed to said waveguide (12) by injecting a light 
setting resin into said space between said end 
portion (12a) of said waveguide (12) and said 
end portion (13a) of said optical fiber (13) by 
way of said first communication path and in- 
troducing light of a wavelength to said optical 
fiber (13) to harden the light setting resin. 

27. A waveguide-optical fiber connection method 
as set forth in claim 26. characterized in that a 
second communication path which communi- 
cates with said second guide groove (18) Is 
formed in said fiber substrate (15), and said 
optical fiber (13) is fixed to said waveguide 
(12) by means of a bonding agent injected in 
through said second communication path. 

28. A waveguide-optical fiber connection method 
as set forth in claim 23. characterized in that 
an outer periphery of a clad of said optical 
fiber (13) as well as a surface portion of said 
fiber substrate (15) and an opposing surface 
portion of said waveguide substrate (11) are 
individually coated with metal films while a 
solder communication path for flowing solder 
In therethrough is formed in a communicating 
relationship with said second guide groove (16) 
on said fiber substrate (15). and said optical 
fiber (13) is fixed to said waveguide (12) by 
flowing solder into a space among said metal 
films by way of said solder communication 
path. 



29. A waveguide-optical fiber connection method 
as set forth In claim 28. characterized in that a 
communication path which communicates with 
a space between said end portion (12a) of said 

5 waveguide (12) and said end portion (13a) of 

said optical fiber (13) is formed in said fiber 
substrate (15). and said optical fiber (13) Is 
fixed to said waveguide by soldering and a 
light setting resin is injected into said space 

10 between said end portion (I2a) of said 
waveguide (12) and said end portion (13a) of 
said optical fiber (13) by way of said commu- 
nication path, whereafter light of a wavelength 
is introduced to said optical fiber (13) to har- 

IS den the light setting resin. 



20 



25 



30 



35 



40 



45 



50 



55 



EP 0 682 276 A1 



FIG. I 





EP 0 682 276 A1 



FIG. 3 



15 



16. 
15a 



12a 



12 

f 
V 

.A' 



14- 



11a 



11A 



EP 0 682 276 A1 



if, 
i 

FIG. 4 



,16 12a 




EP 0 682 276 A1 



FIG. 5 




EP 0 682 276 A1 



FIG. 6 




EP 0 682 276 A1 



FIG. 8 





f ' 


1 1 


\ — 


r 


1 


1' 





32 

-31 
-2tA 



F IG. 9 



33B 



33C 



FIG. 10 

33A 




33B 
32 
•31 
21 A 



EP 0 682 276 A1 



FIG. II 




FIG. 13 




EP 0 682 276 A1 



FIG. 14 




EP 0 682 276 A1 



F I G. 16 



31.32 



22 (22a) 



34 




24 



31.32 



21A 



FIG. 17 



EP 0 682 276 A1 



FIG. 18 




EP 0 682 276 A1 



SCO 



in 

CM 



CM, 



































s 
\ 






s 






s 






























CD 



0> 



< 
If) 
CVJ 





O 

CD 



CD 



u 
CD 



CD 
U. 























\ 




'l 




s 








\ 








\ 








V 








s 




















1 


























91 
CD 
Li- 



0> 
CD 



EP 0 682 276 A1 



FIG. 20 



SECOND GUIDE 
GROOVE PORTION 













i 


1 — h 



FLOW GROOVE PORTION 



FIG. 21 



26 46 , 25 




25a 



EP 0 682 276 A1 

FIG. 22 




F I G. 23 



,22 



EP 0 682 276 A1 



F I G. 24 




FIG. 26 




EP 0 682 276 A1 



FIG. 27 




FIG. 28 



EP 0 682 276 A1 



FIG. 29 




EP 0 682 276 A1 



FIG. 32 



26 52 




25a 
21a— 46' 51 



22{22a) 



FIG. 33 



46x 26 52 



46 




25 
46 



EP 0 682 276 A1 



F I G. 34 




FIG. 35 

25 26 

/ / 




EP 0 682 276 A1 



F I G. 36 




32 31 



63B 




F I G. 38 




63C 



EP 0 682 276 A1 



FIG. 39 




FIG. 40 

32(22) 



EP 0 682 276 A1 




EP 0 682 276 A1 



FIG. 44 




EP 0 682 276 A1 



FIG. 46 







^ 1 




1 


1 




42 
41 

25A 



65A 
(62A) 



FIG. 47 

65D{54B) 
(64AnS —^--42 




FIG. 48 



65A- 




65D 



EP 0 682 276 A1 



FIG. 49 




F I G. 50 



^-65C ,65D 




EP 0 682 276 A1 



F I G. 52 




EP 0 682 276 A1 



F I G. 54 





EP 0 682 276 A1 



FIG. 56 



22 (22a) 




FIG. 57 




72 27 



EP 0 682 276 A1 




EP 0 682 276 A1 



FIG. 59 



.82 




FIG. 60 

82a 82 82a /SI 











— 84 








— V 





81 B 81 A 



FIG. 61 



82a 82 82a 



EP 0 682 276 A1 



F I G. 62 




FIG. 64 



89 88 .87 



85A 87 88 89 /85 



n n n 

jL 5 ^ 



— ^- 
86 



I ' l 1 ^ y \ 



- ,.-82 



^86 



1 — ■ 



t 



81 



— r- 
84 



81 A 818 



-7- 
84 



EP 0 682 276 A1 



FIG. 65 



89 /88 ,87 ,85A 87 88 /89^85 



A — * 



86 



-^ 



i — *■ 



86 



-I ! 



84 



> 1 K 
1 \ 1- 

82 81B 81A 



84 



81 



FIG. 66 



88 ,87 

I ' 



85 



86 87 88/ 



86 



83 

/ 



L. 



4 



T — r 



84 818 82 81A 82a ^84 ^81 



EP 0 682 276 A1 



FIG. 67 



INJECTION OF UV SETTING 



88 87 85,"^^'^'^° ^^^V^^. 



91 

88^83a 



84-. 



IV <= UV 




8K 818 81A 82 82a 93 96 92 84 83 



FIG. 68 



84-. 




INJECTION OF BONDING 
AGENT 



81 A 818 1 82 82d 92 83a 84 83 
81 



EP 0 682 276 A1 



FIG. 69 




FIG. 70 



85 83a 87 86 85a 
\ \ / y / ,.-'88 95 ,94 




818 82a 83 84^8ta 81 A 
81 



Europeui Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 94 11 7528 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CM«eory 



Citation of document with indication, wbcre appropriate, 
of relevant passagw 



Relevant 

to claim 



CLASSIFICATION OF THE 
APPUCATION antXI.6) 



OE-A-42 17 553 (QUANTE) 

* column 5, line 10 - line 37 * 

* column 6, line 63 - column 7, line 7 * 

* figures 2,6,fi * 

EP-A-0 589 268 (BOSCH) 

* column 3. line 10 - line 32 * 

* figure 4 * 

EP-A-0 560 043 (MICROPARTS) 

* column 7, line 33 - column 8, line 13 * 

* figure 2 * 

PATENT ABSTRACTS OF JAPAN 

vol. 18, no. 241 (P-1733) 9 May 1994 

& JP-A-06 027 333 (FURUKAWA) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 12, no. 406 (P-777) 27 October 1988 

& JP-A-63 144 310 (SUMITOMO) 

* abstract * 

US-A-5 282 071 (HARTMAN) 

* column 4, line 13 - line 35 * 

* figure 1 * 

US-A-4 466 696 (CARNEY) 

* column 3, line 8 - line 32 * 

* figures 1,2 * 

US-A-4 796 975 (LUKAS) 

* column 3, line 20 - line 46 * 

* figure 1 * 



The present search rrport has Iwen drawn up for all daims 



1.8,22 
19 



1,8 

2.3,19, 
23 



1,8,22 

2.3.19. 

23 



G02B6/30 



16,17 



17 



TECHNICAL FIELDS 
SEARCHED (Ijit.a.6) 



G02B 



THE HAGUE 



25 July 1995 



Luck. W 



CATEGORY OF CITED DOCUMENTS 

X : panicaiajly retevant if taken alone 

Y : particularly relevant if combined with anofher 

iocumtat of the sajac caicgoiy 
A : tedinoiogical background 
O : nM'Writtm iisdmurc 
P : iattmadlatc docu«cflt 



T : theory or principle underlying tb« invention 
E : eaiiiet patat dooiaent, but pvhtisM on, o 

aha the filing dale 
D : doatiiAt dted la the application 
L : document dted for other rcasoss 



ft : mcnber or the same patent Hmity, csmspoadiag 



EP 0 682 276 Al 



FIG. 71(a) 




X-Y AXIS 



FIG. 71(b) 




OR THE LIKE 



EP 0 682 276 A1 



FIG. 72 (a) 





FIG. 72(b) 




